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Summary

Computer simulations provide a means of analyzing
the behavior and interactions of complex dynamic
systems such as aircraft propulsion systems. The hybrid
(analog-digital) computer offers the opportunity to
combine the best features of analog and digital
computation to satisfy the requirements of engine
simulation. Unfortunately there are a number of difficult
problems to be faced when developing hybrid computer
simulations. This report addresses some of those
problems and offers a systematic, computer-aided, self-
documenting methodology for developing hybrid
computer simulations of turbofan engines. The concepts
and computer codes presented are applicable to
simulations of other engine types.

The proposed methodology makes use of a host
program, written in Fortran, that can run on a large
digital computer. The host program performs all the
calculations and data manipulations that are needed to
transform user-supplied engine design information to a
form suitable for the hybrid computer. The companion
target (hybrid) computer program is, of course, machine
dependent. As presented, the target program consists of a
scaled-fraction Fortran program that runs on the EAI
PACER 100 digital computer and a prescribed patching
arrangement for the EAI 681 analog computer. A test
case is described and comparisons between hybrid and
user-specified engine performance data are presented.
Steady-state results are shown to be within 2 to 3 percent
of the user-specified data over the entire engine operating
line. A number of simulated engine transients were run
on the hybrid computer to demonstrate the transient
capabilities of the simulation. Finally extensions of the
host-target simulation concept are discussed, including
planned investigations of model simplifications,
alternative analog-digital computation splits, parallel
processing, and other approaches to achieving real-time
operation.

Introduction

The development of aircraft propulsion systems
depends, to a great extent, on being able to predict the
performance of the propulsion system and its associated
controls. Computer simulations provide the means for
analyzing the behavior and interactions of these
increasingly complex systems prior to building and

testing expensive hardware. Simulations can also serve as
aids in understanding and solving problems that arise
after the propulsion system is developed.

Digital computer simulations with the necessary
steady-state and transient capabilities have been
developed. Simulations of specific engines and also
generalized codes for simulating a range of engine types
are available (refs. 1 to 6). Although these digital
simulations offer many advantages, they do consume a
great deal of computing time since they generally require
iterative solutions and numerical integration. This
restricts their usefulness in many applications.

Analog computer simulations can provide high-speed
(faster than real time) solutions, interaction with the user,
and hardware-in-the-loop capability. However, analog
computers are not widely used for engine simulations
because of the large amounts of computing equipment
and the time required to set up that equipment,
particularly if many multivariate functions have to be
generated. The digital computer is, of course, better
suited for the function generation task.

The hybrid (analog plus digital) computer offers the
opportunity to use the best features of digital and analog
computation to satisfy the requirements of engine
simulation. By appropriately splitting the computation
load between the analog and digital processors, steady-
state and dynamic accuracy can be achieved with
reasonable solution times (at or near real time) with a
significant reduction in analog equipment. In addition,
the user is provided ‘‘hands on’’ interactive control of the
simulation with convenient display and recording of
simulation results. Real-time, hybrid computer
simulations of the Pratt & Whitney TF30-P-3 and
F100-PW-100 turbofan engines have been developed
(refs. 7 to 9) and used to support the development of
advanced electronic engine controls (refs. 10 to 13) at the
Lewis Research Center. In these applications the engine
simulations served as ‘‘test beds” for evaluating new
control laws and for verifying control software prior to
engine testing.

Unfortunately the development of accurate hybrid
computer simulations is often viewed as an ‘‘art’’ that
requires specialists experienced in dynamic system
modeling, computer programming, and computer
operations. There are, in fact, a number of difficult
problems that must be dealt with when developing hybrid
simulations. As shown in figure 1 these include (1) the
formulation of a mathematical model that is detailed
enough for the particular application yet does not require
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Figure 1. - Simulation development process,

excessive computing equipment Or consume excessive
computing time, (2) the preparation of simulation design
data so as to put numerical values into the mathematical
model, (3) the implementation of the simulation on the
hybrid computer, (4) the evaluation of the simulation
model relative to available design and off-design engine
data, (5) the modification of the simulation, if necessary,
to match the reference data, (6) the documentation of the
simulation and its development to facilitate changes and
extensions of the simulation design as requirements and
applications change, and (7) repetition of the
development process for each new engine to be studied.

This report addresses these problems and offers a
systematic, computer-aided, self-documenting
methodology for the development of a hybrid computer
simulation of a typical turbofan engine. This
methodology represents an extension of many of the
ideas presented in reference 14. However, reference 14
concentrated on the techniques for generalizing the
simulation to handle many different engine
configurations. This report focuses on one engine type
and concentrates on the automation and documentation
of the simulation development process. It is the feeling of
the authors that the concepts and computer codes
presented in this report are sufficiently general to permit

their adaptation to simulations of other engine types.
However, the problem of generalization is not addressed
in this report.

The proposed methodology is illustrated in figure 2. A
host program, written in Fortran, runs on a suitable
large-scale digital computer (in this case, an IBM
370/3033). The host program performs all the
precalculations and data manipulations that are needed
to transform user-supplied engine design information to
a form suitable for the hybrid computer. The host
program trims the self-contained engine model to match
user-supplied ‘‘design’’ point performance data and can
also provide a quantitative measure of each engine
component model’s accuracy relative to supplied ‘‘off
design” point data if such data are available. This
permits off-line refinement and evaluation of the models
by using the host program, prior to implementation of
the hybrid simulation. Finally the host program provides
printouts of simulated engine parameters and punched
cards containing the hybrid computer setup and control
information.

The target (hybrid) simulation, as presented, runs on
the Electronic Associates Inc. (EAI) PACER 600 hybrid
computer system. That system consists of a 32K 16-bit
digital processor, a 10-volt analog computer, and an
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Figure 2. - Proposed simulation development methodology.




interface unit that provides communication between the
analog and digital machines. The target simulation
consists of digital subroutines and function routines and
a prescribed analog patching arrangement. The digital
routines do the following: (1) set up the analog computer
components, including setting of potentiometers and
integrator gains, (2) compute state variable derivatives
based on sampled values of state variables and simulated
engine inputs such as fuel flow, and (3) provide printouts
of selected steady-state data. The analog computer is
used, primarily, for integration of the state variable
derivatives. Strip-chart recorders are used to monitor and
record the transient behavior of the simulation. Twenty-
five analog-to-digital converters (ADC’s) and 21 digital-
to-analog converters (DAC’s) are used to transfer
information between the analog and digital processors.

Part I of this report contains a detailed description of
the turbofan engine model and the host and target
programs. Source listings of digital routines and analog
patching diagrams are provided along with program
statistics. Results are presented for a test case (a turbofan
engine operating at sea-level, static conditions between
idle and maximum power) including time histories of
simulation transients. Computer printouts of host
program input and output data for the test case are
presented in Part II of this report (ref. 15). However,
Part II is not required to understand the concepts and
computer codes presented in Part L.

The simulation, as presented, does not run in real time
on the hybrid computer. This is due to the level of detail
in the engine model, the extensive use of digital
computation in the hybrid simulation, and the limited
speed of the PACER 100 digital computer. However, the
computer programs that are presented should provide an
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HIGH-
PRESSURE
TURBINE-\\
B MAIN
INLET FAN 1 COMPRESSOR COMBUSTOR\
t— '
S —
! ’ Co L
l : | i i I
STATION: 0 2 21 22 3 4

\ TU
\

\
\
\
| \

simplifications, different analog-digital computational
splits, parallel processing, and other approaches to
achieving real-time operation within the framework of
the presented methodology. The computer-aided, self-
documenting nature of the methodology should facilitate
such studies. Nonetheless, the simulation, as presented,
represents a significant improvement over batch running
of comparable all-digital simulations.

Engine Model

The mathematical model describing the performance
of a two-spool, augmented turbofan engine is patterned
after the generalized engine model presented in reference
14. Overall performance maps are used to provide
accurate steady-state representations of the engine’s
rotating components. The effects of variable fan and
compressor geometry are accounted for by using baseline
maps that correspond to nominally scheduled geometry
and then biasing the baseline map outputs by functions of
the actual geometry. Factors such as fluid momentum,
mass and energy storage, and rotor inertias are included
to provide transient capability. To improve steady-state
accuracy, the effects of temperature and fuel-air ratio on
thermodynamic gas properties are also included. The
following sections describe the turbofan engine
configuration and the individual component models.

Engine Configuration

Figure 3 contains a schematic representation of a two-
spool, augmented turbofan engine. A single inlet is used
to supply airflow to the fan. Air leaving the fan is
separated into two flow streams: One stream passes
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Figure 3. - Schematic representation of augmented turbofan engine.



through the engine core; the other stream passes through
an annular bypass duct. The fan is driven by a low-
pressure turbine. The core airflow passes through a
compressor that is driven by a high-pressure turbine.
Both the fan and compressor are assumed to have
variable geometry (vanes) to improve stability at low
speeds. Engine airflow bleeds are extracted at the
compressor exit (station 3) and used for turbine cooling

necessary to compute the fan inlet conditions (total
pressure and temperature) and the back-pressure on the
nozzle. A steady-state, military specification inlet
recovery characteristic is used together with standard
atmospheric data. The following equations define the
flight condition and inlet model in the simulation;

(flow returns to the cycle) and for accessory drives (flow Po=f1(a) M)
lost to the cycle). Fuel flow is injected in the main
combustor and burned to produce hot gas for driving the
turbines. The engine core and bypass streams combine in To=/2@)+ Tom @
an augmentor duct, where additional fuel is added to
further increase the gas temperature (and hence thrust). .
The augmentor flow is discharged through a variable M=1.0  if Mp=1.0 o)
convergent-divergent nozzle. The nozzle throat area
. . . =1.0-— _ 1.35 ;
(station 8) and exhaust area (station 9) are varied to 1.0-0.075 (M, - 1.0) if Mp>1.0
maintain engine airflow and to minimize drag during
augmentor operation. Figure 4 contains a computational
flow diagram of the engine model. All symbols are [ (71_1)M(2)]
defined in appendix A. The following sections describe I=To|1.0+ P @)
the steady-state and dynamic elements in the engine
model. T, /=1
Py=Pon(72) )
Steady-State Models 0
Flight condition and inlet. —For any simulated flight
condition (altitude and flight Mach number) it is 1=7v0=1.4 ©
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S "3 5
x J > P6
Ty [E8 =
13 =>
o 13—
W2 %22 ; ;
WBLLT * WrpBL s
WL HT
1
2 Py Py 1P Pa 2 Pa.1 Ps.1 = Pg Pe g Py P7
[= w w w
2G| T 22| | Bl 6|2 ]S || 2| g [Auleg] Te | 2| T %g 7 “E‘ F
& —= £ 31— = e 1 e B Y e = e - o B I EH e Bl e
Sl g| S| W3 | 5| W | 25| ha|L5 | (S| T8 M| Z3| ¥ |5 W | =5 W gr_P_o
o =5 o2
I = ==
TNH TWFA 1NH 1NL 1WF.7 TAq
WgLov
1NL 1NH
Qran,00 [ g a
aE= O |8 |
28 15
an0 |[EST S5
—_— Oz o

Figure 4. - Computational flow diagram of augmented turbofan engine simulation,



The functions f; and f; are curve fits of atmospheric data
from reference 16.

Gas properties. —In general, the engine component
models utilize variable thermodynamic gas properties.
Curve fits of data found in reference 17 are used to
compute specific heats, specific heat ratios, and specific
enthalpies from given values of temperature and fuel-air
ratio. (JP-4 is assumed as the fuel.) For each
intercomponent volume, the following equations are
used:

cp=S3(T.f/0) @)
R=fs(f/a)=R4 ®)
ey=tp= - ©®
y= -22 (10)
h=f5(T.f/a) (11)

Fan. —Fan performance is represented by a set of
overall performance maps. This technique does not
account for interstage dynamics in the frequency range of
interest (f<10 Hz). Separate maps (functions) are used
for the tip (bypass) and hub (core) sections of the fan to
account for the pressure gradient that can occur at the
fan exit. The maps are assumed to represent the fan
performance with the variable geometry (inlet guide
vanes) at nominal, scheduled conditions. The effects of
off-schedule geometry are included in the model by
adjusting the map-generated value of corrected fan
airflow. These effects are assumed to be correlated with
the actual vane position and the corrected fan speed. The
following equations describe the fan model:

. P N
(WC)FAN,M=f6 (P_lj’ ’5%) (12)
P N
P2.1=P2.2=sz7(P—123, 01“2) (13)
(Wo) [1+f3(CIVV, N;/62%)

Wy = CFAN.M52 022 1/659)] (14)
P N,

1FAN,0D =J9 (P—I; _f)?) (15)

(vyeaN—1)/7¥FAN
(a7)  _(2a) o a6
T / FAN,0D,d _ \ P,

’ (AT/T)raN,0D id]
T13= [ == | T: 17
13 MFAN,0D +1 2 {47
Pi3 NL)
— ol 213 18
TFAN,ID f10< P, ’ O (18)
p (yran—1)/vFAN
(AT/Dpan,1,id= (% ) -1.0 (19)
2
AT/ ;
Ty =Typ= [M] T, 20)
MFAN,ID + 1
YFAN="72 (21
Compressor. — The mathematical model of the

compressor is very similar to the fan model. That is,
overall performance maps are utilized with a shift in the
corrected airflow based on off-schedule values of
variable vane position. However, because of the greater
temperature rise through the compressor, the assumption
of constant specific heat ratio based on inlet conditions
could lead to a problem in matching steady-state cycle
data. For this reason an ‘‘average’’ compressor
temperature is computed and used to generate an average
specific heat ratio. The following equations describe the
compressor model:

P; N,
W =111 ( Py gﬁ) (22)

(W a22l1 +/12RCVY, Np/6§:)]
23

Waa= (23)

_ P NH)
1c=/13 (1-,2—2, 5%, (24)

AT) ( P, )(‘Yc—l)/’Yc
) (= -1.0 25
< T /cid P2_2 (25)

Tc=BcT22+(1-B0)T;3 (26)



T)= [(—_AT:7 Deid 1] Ty2 @7
C

Bleeds. — The extraction of turbine cooling and
auxiliary drive air from the compressor exit is accounted
for in the turbofan engine model. Because of the high
pressure at the compressor exit, flow through the bleed
passages is assumed to be choked. The following
equations describe the bleed model:

( . > ( g ) I SRR

w 73

) =p\ [—] 28
Aaly T (3+1) (28)

/\ ’JU

WBLHT =ABLHT ) (29)

, w

WBLLT =ABLLT ( i ) . (30)
L

. w

wpLOV =ABLOV (;1 ) o @GN

Turbines. — As in the case of the fan and compressor
the overall performance of the high- and low-pressure
turbines is represented by bivariate maps. Turbine flow
and enthalpy drop parameters are computed as functions
of pressure ratio and corrected speed. As described in the
section Intercomponent volumes, the cooling bleed for
each turbine is assumed to reenter the cycle at the turbine
discharge, although a portion of each bleed flow is
assumed to do turbine work. The following equations
define the turbine models:

P N,
(Wp)yyr=S14 < %4‘ : 7’}) (32)
= plurPelVy (33)

4

P, N,
(p)gp =115 < Pi: : 7&;’) (34)
Ayt = AR g NuT} (3%

P N,
(W) =16 ( Py T ) (36)

Ps N,
() =17 ( - T ) (38)
(AR)Lr=(hp) NLTY (39

Combustors and ducts. —Total pressure losses are
included in the models of the main combustor, bypass
duct, mixer entrance, and augmentor. Mach numbers in
these regions are assumed to be moderate, thus allowing
the use of fairly simple loss equations. The losses for the
main combustor, bypass duct, and augmentor are
assumed to be proportional to the square of the corrected
flow parameters wT"2/P. The pressure drop associated
with the entrance to the augmentor is assumed to be
proportional to the pressure level. The heat addition
associated with the burning of fuel in the main combustor
and augmentor is assumed to take place in volumes Vj
and V7, respectively. As an aid in matching steady-state
cycle data, average combustor temperatures are
computed and used in the dynamic energy balances (see
the section Intercomponent volumes). The following
equations describe the combustor and duct models:

o egn]
Tp=0BpT3+(1-Bp)T,4 41)
Ahg=HVFnpg (42)
18 =/181(7a)4] 43)
(a),= WWL: (44)
Ps=KpgsPs (45)

P; P (46)
Tap=BapTs+ (1 —BaR)T7 47)
Ahap=HVFnuap 48)



naB=/19[(7a)7] (49)

(Wg7+ WE,4)
/a);= ——— (50)
vra) (We— WE,4)
Py —K pw2, T,
Pig= 13 PD 13713 [628)
13
The=T3 (52)

Exhaust nozzle.— A convergent-divergent nozzle
configuration is assumed for the turbofan engine model.
A convergent-only nozzle may be considered a subset of
the more general model. A fairly detailed mathematical
representation of the thermodynamics is used, including
the treatment of normal shocks in the divergent section.
The pressure losses associated with the shock are
computed along with gross and net engine thrust. The
following equations define the nozzle model and are
based on material presented in reference 18:

e YA 2 o+ D20m-0
wr=P7AECy N R.T,

(yn+1)
(53)
Fn= W;"E +A(Pg—Py) (54)
P
Cd,N=f20( ,7‘7’) (55)

r) (%)
(177 i\, (56)

If Py/P7=(Py/P7)., the flow is subsonic in the nozzle
and

Pr=Py 7
Ap _ _1(P0>

=i (58)
. _Ag

AE= @ Ap (59

. P
My=f» ( FS) (60)
[ 28 YNRAT ] 8
_ EYNRALT
UE—MECv,N (')’IV_+1) (61)
P
Con=/23 ( F‘;) (62)

Otherwise a shock may exist in the divergent portion of
the nozzle. To compute the required parameters under
these conditions, shock tables such as those in reference
18 must be used.

My =124 (%) (63)

2 = 1as(0y) (64
X

By e 65)

Px

By -yt (66)

Py

(ﬂ)) _ (Py/PY(,/p) -
P/ P,/py

If Pyo/P7=(Py/P7),, the shock will be in the nozzle exit
plane. Then

Pg=P, (68)
M =fx (%) (69)
123
_ 2YNR48:T7 ]

vx=M, [(m—ﬂ) (70)
Ux
. =S29(M) (71)

y
pp= Culls (72)



If Py/P7<(Po/P7),,, the shock is external to the nozzle.
Then

Mp=fs (%f—) (73)
e
P, =f30 » (74)
PE=P7(%) as)
] %]
_ 2YNR a8 T7
vE—M‘Ecv,N[ vt D) (76)

If (PO/P7)cr>P0/P7>(P0/P7)es’ the shock is in the
divergent section and

Pr=P, an

4. % =/f25(My) (78)
y P

e (22)(5)

I;’f = fo1 (%f) (80)

re-(2) (%)

Pg=P; (%’ ) (82)

To solve these equations, M, can be varied until
equations (82) and (77) produce the same values for Pg.
Then

Mg=f (ﬁé) 83

e\ 4y (83)
2ynRag.T7 | 7

vE=M‘ECv,N[7(’;’N—’ff)7] 84)

The compressible flow tables in reference 18 and the
functional relationships (f3; to f3p) assume a specific heat
ratio of 1.4. In general, the specific heat ratio in the
tailpipe of a turbofan engine will be lower than this value,
particularly during augmentor operation. To compensate
for this error when setting up the model to match
specified cycle data, the value of v, in the flow rate and
velocity equations is adjusted in the host program to give
the desired values of flow rate w; and gross thrust F.
The net engine thrust is computed by subtracting the inlet
ram drag from the gross thrust.

%)
- Mo (2840 ) 5)
C

Engine Dynamics

Intercomponent volumes. — Intercomponent volumes
are assumed at engine locations where either (1) gas
dynamics are considered important or (2) gas dynamics
are required to avoid the need for iterative solution of
equations. In these volumes the storage of mass and
energy occurs. The dynamic forms of the continuity,
energy, and state equations (ref. 19) are solved for the
stored mass, temperature, and pressure in each volume.
The following equations define the dynamic models of
the intercomponent volumes. Appendix B contains a
derivation of the general form of the energy equation
used in the engine model.

t
W= So(Wz —Wy2—wi3) dit+ Wy (86)
t o o ’
Tis= [, ([0v2= w2203 = 9o,

+ Ty3(wy— 32— wi3)(y13 — )/ W13]df + Ty, (87)

_ RaWi3Ti3

88)
Vi3 (
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t
Wi= S 0 (W2.2— WBLHT — WBLLT — WBLOV — W3) di + W3,

(89



73= |, (w205~ h/cys
+ T3(W2.2— WBLHT — WBLLT — WBLOV — W3)
X(y3—=D)/ W3} dt+T3;  (90)
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t
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_ R W4Ty
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t
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t
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+ waLuT(h3 — KBLWHTAAHT)

—ha1(ws+ WBLHT)]/ Cy,4.1

+ T4 1(Wa+ WBLHT — Wa.)(v4.1 — 1)} / W4.1) dt+ T4, (96)

RaAW4.1T4.

97
Va1 ©n
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t
We= So (W41 +wRLLT + W13 — We)d! + W ; (98)

t
Ts= So ({[%.1(’14.1 —Ahrt)
+ waLLT(h3 — KpLwLTAALT)
+wishi6—he(ws.1 + WpLLT + Wla)] /cu,6

+ Tg(Wa.1 + WBLLT + W13 — We) (Y6 — 1)} / W6> dt+Ts,i (99)

pg=RaleTs (100)
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W= §0(w6+ WE7—Wp)dt + Wr i (101)
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+ Toivg+ wg g~ W)= 1)}/ W7) dt+ Ty (102)

_ R W4Ty

v (103)

Py

Fluid momentum. — The effects of fluid momentum on
the transient behavior of the turbofan are considered in
the bypass and augmentor duct models. The contribution
of flow dynamics in the compressor, main combustor,
and turbines is assumed to be high frequency (>10 Hz)
and is ignored. The following equations define the flow
dynamics in the engine model:

i A d .
w13 =gc< 7 )D SO(Pls—Ps)dH W13,i (104)

. A ro, .
W6=gc(7> S (P7—Pr)dt + g ; (105)
AB Y0

Rotor inertias. — The most significant factors in
determining the transient behavior of the turbofan are
the rotor moments of inertia. Rotor speeds are computed
from the dynamic forms of the angular momentum
equations.

2
30 J ¢! 5 ;
Ny = <?) 7 -go {[AhLT(W‘H + KBLwLTWBLLT)
—(Wy—wa )(hi3—hy)

— iy 3~ h)) /Ny Jdt + N ; (106)
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30 J t . .
Ny= <?> 7}-[ So [[A}zm(m + KBLWHTWBLHT)

_ g2~ hy.2)]/NegJde + Ny (107)

Thermal lags due to the storage of heat in the engine
metal are not included in the turbofan model.

Hybrid Computer Program

Hybrid Computing System

The equations describing the turbofan engine model
were implemented on one of the Lewis Research Center’s
two hybrid computing systems. Each hybrid computer
consists of an EAI PACER 100 digital processor, two
PACER 681 (680) analog processors, and a PACER 693
communications interface for control and data exchange
between the digital and analog processors. Table I lists
the salient features of the hybrid computing systems. The
following sections describe the implementation of the
turbofan engine simulation on the hybrid computer.

Scaling

The use of the analog computer requires the scaling of
the analog variables so that no analog signal exceeds 1.0
computer unit (10 V on the EAI 681). For each variable x
a scale factor SF, is chosen so as to limit the scaled
variable X=x/SF, to the range —1<X< +1. Also, to
reduce the core requirements and computing time in the
PACER 100 digital part of the simulation, it was decided
to use scaled fractions throughout the digital program.
Therefore all digital variables are scaled in the same way
so as not to exceed unity during digital program
execution. The section Host Digital Program describes
how the user specifies scale factors. Although the user
may specify most scale factors through the host program,
certain scale factors are fixed to allow the use of general-
purpose subroutines. For example, all fuel-air ratios are
scaled for a maximum of 0.08. Also, certain scale factors
are related to user-specified scale factors. For example,
the scale factor on specific enthalpy 4 is fixed as the
product of the scale factor on specific heat ¢, and the
scale factor on temperature 7.

In addition to the previously described amplitude
scaling, it may be necessary to time scale the analog
portion of the simulation. To allow the treatment of
digital outputs as continuous inputs to the analog, a
sufficient number of cycles through the digital loop must
occur for each cycle of the analog frequencies. Often
computational stability can only be achieved by
decreasing the analog frequencies (slowing down the
analog). A time-scale factor SF, is selected such that the

10

TABLE 1. - FEATURES OF THE LEWIS HYBRID
COMPUTER SYSTEMS

[ADC’s are 14 bits plus sign and do not invert; DAC’s are 14 bits plus
sign and do not invert (all DAC’s are multiplying DAM’s).}

(a) PACER 100 digital system

Total memory (at 16 bits/word), WOrds .........ceceeeeeuneennieninnnns 32 768
Cycle time, BSEC vvvnrieuiunrenriuiieiiemiirririiniiieirereriaesierserenssnosses 1.0
Moving head disk
Card reader, cards/min .......
Line printer, characters/sec
High-speed paper tape reader, characters/sec...
High-speed paper tape punch, characters/sec.......cccceverrunnerennecnnn.
Tektronix 4010 CRT terminal

Hard copier for Tektronix 4010

(b) 680-681 analog systems

Consoles Al, Bl, B2 | Console A2
Number per console
Integrator summer 30 30
Track/store summer 12 12
Zero-limit summer 24 12
SJ-INV (interface) 24 24
SJ-INV (fixed DFG) 0 2
QSM inverter 60 48
QSM-HG amplifier 30 24
VDFG inverter 0 6
Total amplifiers per console 180 158
SS potentiometers (2-terminal) 64 96
SS potentiometers (3-terminal) 16 24
HS potentiometers (2-terminal) 12 12
DCA’s 40 0
Total potentiometers per console 132 132
Multipliers 30 24
DCFG’s (digital) 8 0
VDFG’s (analog) 0 6
Fixed DFG’s (analog) 0 2
Variable limiters 12 12
Comparators 24 24
Function relays 24 24
D/A switches 24 24
General-purpose registers 6 6
“AND” gates 36 36
BCD counters 3 3
Monostable timers 6 6
Logic differentiators 6 6
(c) 693 interface system
System A System B
Number
ADC’s 32 48
DAC’s 24 24
Control lines per console 16 16
General-purpose interrupts 8 8
per console
Sensé lines per console 8
Interface clock 1 1




computer time ¢’ equals SF,f. A time-scale factor less
than 1.0 corresponds to speeding up the problem.
Reference 14 provides some guidelines for selecting a
suitable time-scale factor. The section Results and
Discussion also covers this issue.

Having specified amplitude and time-scale factors
through the host program, the user need not be
concerned about the scaling of variables within the
simulation. The host program computes digital
coefficients and analog potentiometer settings based on
the specified scale factors. The equations that are
programmed on the host and target digital computers are
organized in such a way as to minimize the chance of
overflows. Table II lists the prescaled variables, their
scale factors, and implied relations between scale factors.

Target Analog Program

The computational split between the analog and digital
portions of the hybrid simulation is basically the same as
that used in reference 14. That is, the analog computer is
limited to doing continuous integration with respect to
time and some related multiplication and division. By
comparison, the real-time simulations in references 7to 9
used extensive analog computation, with the digital
limited to performing bivariate function generation.

Scaled values for the engine state variables (stored
masses, temperatures, duct flow rates, and rotor speeds)
and intercomponent volume pressures are computed on
the analog computer by using scaled versions of
equations (86) to (107). Appendix C lists all the scaled
analog equations.

Figure 5 illustrates the analog calculation of variables
in volume V3. Identical circuitry is patched by the user
for each of the intercomponent volumes. Having selected
the analog components, the user can specify the addresses
of the integrators and potentiometers as input to the host
digital program (see the section Host Digital Program).
Using design-point information, scale factors, and
geometric engine data, the host program will
automatically compute amplifier gains and potentiometer
settings and will generate punched-card data for
automatic setup of those components. The following
section describes the PACER 100 software that
accomplishes the automatic setup of the analog. Figures 6
and 7 illustrate the analog calculations of bypass duct
flow rate and low-rotor speed, respectively. Appendix C
contains patching diagrams for the entire analog portion
of the simulation. In addition to computing state
variables and pressures, the analog computer is used to
generate (or transmit from external sources) inputs to the
simulation. These inputs include scaled control inputs
(fuel flow, e.g.) and scaled flight condition inputs
(altitude, Mach number, and sea-level ambient
temperature). Table III defines the analog patching
structure to which the user must assign components.

TABLE II. -PRESCALED
SIMULATION VARIABLES

Variable, Scale factor,
X SF,
Can 1.0
CyN 1.0
Cpi 0.5 Btu/lbm °R
Cy,i 0.5 Btu/lbm °R
(f/a); 0.08
h; SFCNSFT,.
T, SFr,
Tig SFr,,
Ty SFr,
Tc SFr,
Tam 1000° R
Py SFp,
P|6 SFPU
P SFp,
WBLHT 0.2 SFy,,
WBLLT 0.02 SF‘;’Z.Z
WBLOV 0.002 SF;VM
AT/T 1.25
7 1.0
‘yi 2.0

Inputs to the analog computer from the digital
computer are transmitted by 21 DAC’s. They include the
scaled stored mass derivatives, nonspecific temperature
derivatives (WT), rotor speed derivatives, and variables
for display. Outputs from the analog computer to the
digital computer are transmitted by 25 ADC’s. They
include the intercomponent pressures and temperatures,
duct flow rates, rotor speeds, control inputs, and flight
condition inputs. Table IV lists the DAC and ADC
variables and designated channels.

Target Digital Program

The target digital processor is used to perform the bulk
of the computations in the target program. That is, the
digital must do all the arithmetic and function generation
necessary to compute the time derivatives of the engine
state variables. Other engine variables of interest, such as
net thrust, are also computed in the digital and output to
the analog for display and recording. The digital
computer is also used for steady-state data display and
for automated setup of the analog computer.

The following sections describe the target digital
program that has been developed for the EAI PACER
100 digital processor and the EAI 693 hybrid interface
that allows the PACER to communicate with the EAI 681

11
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analog computer. Although the target digital program is
computer dependent, it should provide a sound basis for
development of target programs for other hybrid
computer systems.

Input data.—The link between the host digital
program and the target program is a set of punched cards
containing component performance map data, digital
coefficients, analog potentiometer settings, integrator
gains, and other information needed to set up and run the
hybrid computer simulation. Figure 8 shows the nature
and ordering of the punched-card data generated by the
host program.

The first six sets of data cards contain bivariate
function data defining the steady-state performance of
the engine’s rotating components. The sets are read in the
following order: (1) fan variable-geometry effects map,
S3(CIVV, NL/GVZ), 2) compressor variable-geometry
effects map, f12(RCVV, NH/02 2), (3) baseline fan
performance map, f{P13/Pa, NL/02 ), i=6, 9, 7, 10;
“) baselme compressor performance map, f{P3/Ps 2,

' NH/02 ), =11, 13; (5) high- pressure -turbine
performance map, f;(Ps.1/Pas, NH/T4 ), i=14, 15; and
(6) low-pressure-turbine performance map, f{Ps/P4.1,
Ny/ T:{fl), i=16, 17. The performance map cards contain
information pertaining to the size of the map arrays, the

TABLE III. - ANALOG COMPONENT ARRANGEMENT

Model element

Gain integer
(IG(K)) index,

Integrator address
(AADR(K)) index,

Potentiometer address
(PADR(K)) index,

K K2 Kb

Vis 1 12 1-2-3-4-5

v, 2 34 6-7-8-9-10

12 3 5-6 11-12-13-14-15

Vas 4 7-8 16-17-18-19-20

Ve 5 9-10 21-22-23-24-25

v, 6 11-12 26-27-28-29-30

Iy 7 13 31-32

I 8 14 33-34
(A/hp 9 15 35-36-37-38
(A/Dap 10 16 39-40-41-42

Model input

Potentiometer address
(PADR(K)) index,

Potentiometer address
(PADR(K)) index,

Biased variable

K K
WE4 43 Py3/P, 52
Weg 44 Py/P;, 53
Ay 45
Agp 46

CIVV 47

RCVV 48

ALT 49
M, 50
Tum 51

AW.-T integrators for volumes.
PAddress index is same as setting index, as defined in appendix C.



TABLE IV. - ADC AND DAC VARIABLES

ADC channel| Variable
0 ALT
1 M,
2 Tam
3 Py
4 N;
5 ~CIVV
7 Ny
8 —-RCVV
9 w3
10 T,
11 T3
12 P,
13 Ty
15 WE4
16 Ta
17 Py
19 Te
20 P,
21 T,
22 Ag
23 Ag
24 WE.7

14

DAC channel| Variable

0 P,

1 T

2 Pp3/Py

3 wy072/5,
4 P3/Py,

5 w,,2013 /8;
6 dW,s/dt

7 WiadTys/dt

8 dws/dt

9 W,dTy/dt
10 dW,/dt
1 W.dT,/dt
12 dW, /dt
13 W, dT, /dt
14 dWe/dt
15 WedTe/dt
16 dW,/dt
17 WodT,/dt
18 dN, /dt
19 dNy/dt
20 F,

format of the data cards, scale factors to be used in
scaling the map data, and the unscaled performance map
data. The sets of performance map cards are identical to
the sets input by the user to the host program.

The first card for each set of map data contains: (1) a
map number to be used in the Z;=f{(X, Y) function call,
(2) the number of curves Y on the map, (3) the number of
points (X,Z) on each curve, (4) the number of common
functions Z; of the same independent variables, and
(5) an additional integer to be discussed later. A (513)
format is used to read the first card. The second card for
each map contains the formats to be used in reading the
remaining map cards. A (28A2) format is used to specify
the formats of (1) the X, Y, and Z; scale factors where
i=1to 4, (2) the X values, (3) the Y values, and (4) the Z;
values. The third card for each map contains the X, Y,
and Z; scale factors in the specified format. The
remaining cards in the set contain (in order) the Y values,
X values for the first curve, Z; values for the first curve,
X values for the second curve, Z; values for the second
curve, and so forth. For those functions where each curve
may be defined by identically the same X values, those X
values need only be input once, immediately following
the Y values. In this case a nonzero integer is added as the
fifth element in the first card of the set. A blank card
follows the last card of the last map. Figure 9 shows an

y.

POTENTIOMETER ADDRESSES,
SETTINGS

DAC INITIAL CONDITIONS

/

INTEGRATOR ADDRESSES,
GAIN INTEGERS

INLET OPTION, BLEED INTEGERS

—

| DIGITAL COEFFICIENTS

I

BLANK

(2 FUNCTIONS)

LOW-PRES SURE-TURBINE MAP

HIGH-PRESSURE-TURBINE MAP
{2 FUNCTIONS)

FAN MAP (4 FUNCTIONS)

EC

COMPRESSOR VARIABLE-GEOMETRY=
p

FAN VARIABLE-GEOMETRY-EFFECTS

COMPRESSOR MAP (2 FUNCTIONS)

Figure 8. - Host-program-generated target program input data.



2 3 5 3

(5F8.1) (S5F8.1) (3F8.1) (5F8.1) (5F8.2)
1.0 1.0 1.0 1.0 1.0
0.2 0.4 0.6

0.0 0.2 0.3 0.4 0.5
0.3 0.3 0.2 0.1 0.0
0.15 0.15 0.10 0.05 0.00
0.225 0.225 0.150 0.075 0.000
0.0 0.4 0.5 0.6 0.7
0.6 0.6 0.4 0.2 0.0
0.30 0.30 0.20 0.10 0.00
0.450 0.450 0.300 0.150 0.000
0.0 0.6 0.7 0.8 0.9
0.9 0.9 0.6 0.3 0.0
0.45 0.45 0.30 0.15 0.00
0.675 0.675 0.450 0.225 0.000

MAP NUMBER, NCV, NPT, NFCT SCALE

(5F8.3) FACTOR, X, Y, Z1, z2, 23, FORMATS
p X, Y, z1, z2, Z3 SCALE FACTORS
Y  VALUES
VALUES - CURVE 1
Z1 VALUES - CURVE 1
22 VALUES - CURVE 1
z3 VALUES - CURVE 1
X  VALUES - CURVE 2
< 21 VALUES - CURVE 2
22 VALUES - CURVE 2
23 VALUES - CURVE 2
X  VALUES - CURVE 3
Z1 VALUES - CURVE 3
Z2 VALUES - CURVE 3
z3 VALUES - CURVE 3

.

NCV - NUMBER OF CURVES IN MAP
NPT - NUMBER OF POINTS PER CURVE
NFCT - NUMBER OF COMMON FUNCTIONS OF X, Y

Figure 9. - Example of map input data.

example of map data where there are three common
functions of the independent variables.

Following the component performance map data are
cards containing digital coefficients. The coefficients are
computed by the host program from user-supplied
design-point data, scale factors, and engine geometric
information. Also, the host programs ‘‘trims’’ the
coefficients to achieve an equilibrium condition at the
design point. The digital coefficients are punched in a
(3X,5(1X,F6.5,2X)) format, which permits them to be
read by the target program in a (3X,5(S7,2X)) format and
declared as scaled-fraction variables.

Following the digital coefficient data is a card
containing four integers (INLET, KBH, KBL, and KBV)
in a (1X,4(17,2X)) format. A value of 1 for INLET
denotes the use of the standard inlet pressure recovery
characteristic (eq. (3)) in the simulation. Any other value
will result in an inlet recovery of 1.0 (no inlet). The KBH,
KBL, and KBV integers indicate whether the compressor
discharge bleeds of equations (28) to (31) are to be
included in the simulation. The host program determines
whether positive values of wgyyt, WpLLT, @and wgrov
are required to match the user-supplied design point data.
If so, the corresponding integers are set to 1. If negative
or zero values are required, the corresponding integers
are set to 0 and the bleed flows are ignored in the
simulation.

The next set of cards contains analog integrator
addresses and associated gain integers in a (314) format.
The user assigns integrator addresses to the analog

patching structure defined in table III and appendix C.
The integrator addresses are input to the host program,
and the host program computes the required integrator
gains based on design-point data, scale factors, etc. The
gain integers represent the power-of-10 gain required.
The first six cards in the set contain three integers each.
The first two integers are the addresses of the two
integrators associated with a particular intercomponent
volume. The third integer is the gain integer for those two
integrators. The next four cards contain two integers
each —the integrator address and gain integer associated
with (in order) the high-speed spool, the low-speed spool,
the bypass duct, and the augmentor duct.

Following the integrator data are cards containing
initial conditions for the 21 DAC’s used in the hybrid
simulation. The DAC’s must be initialized to avoid
analog component overloads prior to executing the
dynamic portion of the target digital program. The DAC
initial conditions are punched by the host program in a
(3X,5(1X,F6.5,2X)) format, which permits them to be
read by the target program in a (3X,5(S57,2X)) format and
declared as scaled-fraction variables.

The last set of cards contains analog potentiometer

~ addresses and potentiometer settings. As in the case of

the integrators the user assigns potentiometer addresses
to the analog patching structure and inputs those
addresses to the host program. The host program
computes the required settings and punches the addresses
and settings in a (1X,A4,1X,F5.4) format. The cards are
read by the target program in a (1X,A4,1X,S5) format.
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Figure 10. - Organization of target digital program.

Organization. — Figure 10 shows the structure of the
target digital program. The program consists of a number
of subroutines. The major subroutines are INITAL, an
initialization and setup routine, and LOOP, the digital
portion of the dynamic engine simulation. INITAL is
executed once prior to entering the main dynamic loop.
LOOP is repetitively executed at a fixed rate selected by
the user on the basis of (1) the time required to perform
the calculations in LOOP and (2) the maximum allowable
digital delay for stable operation of the hybrid
simulation. LOOP samples analog variables through 25
ADC’s, performs the calculation of the engine state
variable derivatives, and outputs those derivatives to the
analog through 21 DAC’s. Other subroutines and
function routines are called by INITAL and LOOP to
support the computation and the input and output.
Appendix D contains a flow chart of the target program
and source listings of the target program routines.

To facilitate the running of the target program on the
PACER 100 digital processor, the INITAL and LOOP
subroutines were run under the control of a general-
purpose main program called EXECI (refs. 20 and 21).
Although not required for running the target program,
EXECI provided a time-shared, interrupt environment
that allowed interactive control of steady-state and
dynamic data displays. Subroutine INFORM is called by
EXEC! when the user depresses a sense switch at the
computer console and if the computations in LOOP have
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been completed. That is, INFORM runs on a lower
priority level than LOOP. If spare time is available, the
user can interactively obtain displays of simulation data
while the program is running. For the application
reported herein, an EXECI1 subroutine, BTASK, was
constructed to unscale and output tables of steady-state
data upon user command. This method of obtaining
steady-state results was used in lieu of WRITE statements
in the target program. Also, subroutine LEVELS,
running at the next-to-lowest priority level (INFORM is
the lowest), was used to obtain map- and function-out-
of-range messages at the line printer (or CRT). Another
EXECI-related subroutine, described in references 20
and 21, is LEVELO. For the application reported herein,
LEVELO was replaced with a dummy routine. The
following sections describe the various routines that
make up the target program.

Subroutines. — The target program is made up of the
routines INITAL, LOOP, LEVEL9, BTASK, DATAIN,
FLCOND, PROCOM, TRAT, and NOZZL.

INITAL: Subroutine INITAL is a special-purpose
initialization and setup routine that is called once prior to
executing subroutine LOOP. INITAL selects the analog
console and initializes the analog modes through calls to
hybrid linkage routines. INITAL calls subroutine
DATAIN to accomplish the reading in of component
performance map data and the scaling of those data. The
dimensions of the map arrays and the scaled map data are



stored in the MAPS common block. Digital coefficients
are read in by INITAL and stored in the COEF common
block. The inlet option integer INLET and the bleed
integers KBH, KBL, and KBV are read in and stored in
the INL and BLEED common blocks, respectively.
INITAL then reads the punched cards containing the
integrator data. INITAL translates the integrator gain
integers into specific analog patching instructions. Table
V relates the desired integrator gain (1) to the selection of
either a 1- or 10-input gain by positioning of a function
relay and (2) to the selection of additional multiplicative
gain by appropriate patching of logic signals into the *“F”’
and ‘“MS”’ time-scale inputs on the EAI 681 integrators.
INITAL outputs patching instructions to the user at the
line printer (or CRT). INITAL also reads in DAC initial
condition data, stores them in the IDAC common block,
and initializes the DAC’s. Finally, INITAL reads in the
potentiometer data and sets the potentiometers to their
design-point values.

LOOP: Subroutine LOOP is a scaled-fraction Fortran
implementation of the steady-state turbofan engine
model. Scaled versions of equations (1) to (85) and the
integrands in equations (86) to (107) (excluding (104) and
(105)) are programmed in LOOP and are repetitively
solved. For each pass through LOOP, (1) hybrid linkage
routines are called to read ADC’s, (2) the derivative
calculations are performed, and (3) hybrid linkage
routines are called to output the DAC’s. To support the
calculation of derivatives, LOOP calls subroutines
FLCOND, PROCOM, TRAT, and NOZZL and function
routines MAP, MAPL, FUNI1, and FUNIL. Common
blocks MAPS, COEF, INL, BLEED, and IDAC provide
LOOP with the required map data, digital coefficients,
integer data, and DAC initial conditions. A common
block VAR is used to store all the variables computed in
LOOP, making it possible to output any of the variables
through INFORM. DATA statements in LOOP define

TABLE V.-EAI 681 ANALOG
INTEGRATOR GAIN PATCHING

[Master (default) control sets F-SEC (F-MS);
logic 1 denotes “‘high”’; logic 0 denotes
*‘low”’; function relay plus position feeds
10 input to integrator; function relay
minus position feeds 1 input to integrator.]

Desired |[“F’’ logic |‘“MS’* logic [Function
integrator | input input relay
gain position
1 0 0
10 1 0 -
100 1 0 +
1000 0 1 -
10000 1 1 -
100000 1 1 +

univariate functions Cg ,=f20(Po/P7) and
Cy,n=/23(Py/P7). LOOP represents a 1:1 correspondence
to the floating-point (but scaled) Fortran code in the host
program’s ENGINE subroutine. The most noticeable
differences are the declaration of scaled-fraction
variables, the ‘“S’’ prefix on the square-root function in
LOOP. The ordering of calculations in each equation in
LOOP is intended to minimize the chances of scaled-
fraction overflows during off-design and transient
operation of the simulation. To minimize the effects of
digital delays on simulation accuracy and stability, the
sampling of analog variables and the output of digital
results are organized as shown in figure 11. References 9
and 22 indicate that this method of breaking up the
digital loops can significantly reduce the dynamic errors
associated with digital delays in hybrid simulations.

LEVELS: Subroutine LEVELS is called by EXECI
upon user command by means of a pushbutton at the
analog console. LEVELS calls the map- and function-
out-of-range routines MOOR and FOOR to output
messages to the user indicating the map or function
number and the map or function input values at the time
the out-of-range condition occurred. Appendix C shows
the logic patching on the analog console that is required
by LEVELS.

BTASK: Subroutine BTASK, called by EXECI,
unscales and outputs simulation data upon user
command by means of a sense switch at the digital
console. As written, BTASK reads in cards containing
scale factors and desired values for the variables to be
listed. BTASK outputs tables of unscaled simulation
variables and ratios of calculated-to-desired values.

DATAIN: Subroutine DATAIN is a general-purpose
data input routine that is called by INITAL to read
component performance map data from cards and to
scale the map data. The call to DATAIN contains two
arguments: an integer array associated with the first map
to be read, and the scaled-fraction array into which the
scaled data for the first map will be placed. DATAIN
reads punched cards that contain (for each map) the map
number, the dimensions of the map, scale factors for the
map variables, formats for reading the map data, and the
map data. DATAIN reads the cards, scales the data, and
fills the integer and scaled-fraction arrays. DATAIN
reads map data until a blank card is detected. Therefore
all the maps can be read by one call to DATAIN. The
integer array contains the map number, the search index
for X (initialized to 1), the search index for Y (initialized
to 1), the number of points per curve, and the number of
curves defining the map. The scaled-fraction array
contains the scaled Y values, the scaled X values for all Y
values, and the scaled Z values for the functions in the
map.

FLCOND: Subroutine FLCOND is a scaled-fraction
Fortran implementation of equations (1) to (6).
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Figure 11. - Data transfer in subroutine LOOP,

FLCOND computes ambient pressure and temperature,
fan inlet total pressure, and fan inlet total temperature
from input values of altitude, Mach number, and sea-
level ambient temperature. The inputs to FLCOND are
altitude (scaled to a maximum of 80 000 ft), Mach
number (scaled to a maximum of 3.0), and sea-level
ambient temperature (scaled to a maximum of 1000° R).
The inlet option integer INLET is input through the INL
common block. A univariate function routine FUNI is
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called by FLCOND to interpolate tabular data
representing the functions fy(a), (To/Tp)?’ =D, and
(M- 1135, These functions were scaled and fit by
tabular data because of the excessive computing times
associated with exponentiation. The tabular data are
defined by DATA statements in FLCOND. A linear
approximation to f3(a) is used in FLCOND. The outputs
of FLCOND are ambient pressure (scaled to a maximum
of 20.psia), ambient temperature (scaled to a maximum



of 1000° R), fan inlet total pressure (scaled to a
maximum of 40 psia) and fan inlet total temperature
(scaled to a maximum of 1000° R).

PROCOM: Subroutine PROCOM is a scaled-fraction
implementation of equations (7) to (11). PROCOM
computes thermodynamic properties for air and JP-4/air
mixtures. PROCOM is called for each engine station
during each pass through the LOOP subroutine. Inputs
to the subroutine are the gas temperature (scaled to a
maximum of 5000° R) and the fuel-air ratio (scaled to a
maximum of 0.08). Curve fits of the tables of reference
17 are used in PROCOM. The outputs of PROCOM are
the specific heats ¢, and ¢, (scaled to a maximum of 0.5
Btu/lbm °R), the specific heat ratio (scaled to a
maximum of 2.0), and the specific enthalpy (scaled to a
maximum of 1500 Btu/lbm). Appendix D contains the
source listing for the Fortran version of PROCOM.
Because of the many calls to PROCOM in LOOP,
PROCOM was coded in assembly language to reduce the
computing time.

TRAT: Subroutine TRAT is a scaled-fraction Fortran
implementation of equations (16), (19), and (25). TRAT
computes the isentropic temperature rise parameter
(AT/T);4 for a given pressure ratio and specific heat
ratio. TRAT is called three times by LOOP (once each
for the fan inside diameter, the fan outside diameter, and
the compressor). The inputs to TRAT are an integer
indicating the component for which the call is being made
(fan inside diameter=1, fan outside diameter=2,
compressor =3), the pressure ratio (rescaled to a
maximum of 15 prior to calling TRAT), and the average
component specific heat ratio (scaled to a maximum of
2). TRAT calls FUNI to interpolate tabular data
representing the function (P/P)v—1/v—1 for y=1.35.
The tabular data are defined by DATA statements in
TRAT. The integer argument in the calling statement
specifies which integer array (N1, N2, or N3) should be
used in the call to FUNI1. This allows the search index to
be saved for each of the three calls to TRAT. An
algebraic function of pressure ratio and specific heat

ratio is used to correct the FUN1 output for different

values of the specific heat ratio. The output of the TRAT
subroutine is the temperature rise parameter (scaled to a
maximum of 1.25).

NOZZL: Subroutine NOZZL is a scaled-fraction
Fortran implementation of equations (53) to (83).
NOZZL computes the exhaust nozzle flow rate and gross
thrust. The required digital coefficients are input through
the COEF common block. The inputs to NOZZL are the
scaled values of ambient pressure, nozzle inlet total
pressure, nozzle inlet total temperature, nozzle throat
area, and nozzle exit area; the nozzle pressure ratio
(scaled to a maximum of 1.0); the nozzle flow coefficient
(scaled to a maximum of 1.0); and the nozzle velocity
coefficient (scaled to a maximum of 1.0). FUNI is called

by NOZZL to interpolate tabular data representing the
functions f21(Ag/As), f21(Po/P7), f22(Po/P7),
J24(AE/Ag), fa8(AE/Ag), and f3g(Ag/Ag). The tabular
data are defined by DATA statements in NOZZL. The
functions f>5(M,) and fy6(M,) are represented by
quadratic functions. The iterative loop associated with
shocks in the divergent section is replaced by a quadratic
function of pressure ratio that is biased by a cubic
function of area ratio. The result, ME, is used to compute
the nozzle exit velocity. The outputs of NOZZL are the
nozzle flow rate, the gross thrust, and the pressure-area
component of gross thrust.

Function routines. — The function routines are FUNI,
FUNIL, and FOOR and MAP, MAPL, and MOOR.

MAP/MAPL/MOOR: Routine MAP is a general-
purpose, scaled-fraction routine for generating functions
of two variables. MAP was developed to handle
functions that cannot be defined by rectilinear arrays.
That is, each curve Y does not have to extend over the
entire range of the variable X defining the curves. For
this reason MAP is used extensively for generating fan
and compressor performance maps. Because of its
efficient coding, MAP is also used in the target program
for generating the turbine maps. MAP performs radial
interpolation of the map data and saves both X and Y
search indices prior to returning to the calling program.
Upon reentering MAP for the same function the search
begins in the previously determined X and Y intervals,
thus saving considerable time during relatively steady-
state operation. MAP is described in more detail in
reference 20.

If more than one function of the same two independent
variables is required, a second entry point to MAP, called
MAPL, may be used. However, this applies only if
identical X and Y breakpoints are used. MAPL fetches
and interpolates table values only. No searching is
required since the search indices are used from the last
entry to MAP.

Subroutine MOOR is called by MAP and is used to
inform the user (via a line printer or CRT) when a map
input goes out of range. This is important since MAP
does not extrapolate.

The inputs to MAP are an integer array containing the
map number, the X and Y search indices, the number of
points per curve, and the number of curves; a scaled-
fraction array (F) containing the X, Y, Zy, Z,, . . ., Z,
data; and the scaled-fraction input variables. The
ordering of the data in the F array is handled by the
DATAIN subroutine. For the case of multiple functions
of common variables, only one argument (the scaled-
fraction array) is needed in the second, third, etc., calls.
That is,

Z1=MAP(N1,F1,XIN,YIN) (108)
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Z2=MAPL(F1) (109)
Note that MAP and MAPL must be declared as scaled-
fraction variables in the calling program.

Appendix D contains source listings for Fortran
versions of MAP, MAPL, and MOOR. As in the case of
PROCOM, assembly language versions of these routines
were used in the target program to reduce the computing
time.

Subroutine DATAIN is used in conjunction with MAP
and MAPL to read unscaled map data and scale factors
into the target program, to scale the map data, and to
store the results in the MAPS common block.

FUNI1/FUNIL/FOOR: Routine FUNI is a general-
purpose, scaled-fraction routine for generating functions
of a single variable. In the turbofan engine simulation,
FUNI is used to generate fixed functions that do not
require user-specified data. The function data are defined
by DATA statements in the calling routines. FUNI
performs linear interpolation of the tabular data and
saves the search index for subsequent calls for the same
function.

If more than one function of the same independent
variable is required, a second entry point to FUN1, called
FUNIL, may be used. However, this applies only if
identical breakpoints are used. For multiple functions of
the same variable the DATA statements must be in the
following order: X, Y1, Y2, . . ., YN, where the Y’s are
in the order of the calls to FUN1 and FUNIL.

Subroutine FOOR is called by FUNI1 and is used to
inform the user (by line printer or CRT) when a function
input goes out of range. This is important since FUN1
does not extrapolate.

The inputs to FUNI are an integer array containing the
function number, the search index, and the number of
points defining the function; a scaled-fraction array
containing the X data; and the scaled-fraction input
variable. The proper ordering of the DATA statements in
the calling program and the coding in FUNI result in
FUN1 using the appropriate Y values in the
interpolation. For the case of multiple functions of the
same variable, only one argument (the scaled-fraction
array) is needed in the second, third, etc., calls. That is,

Y1=FUNI(N1,X1,XIN) (110)

Y2=FUNIL(X1) (111)
Note that FUN1 and FUNIL must be declared as scaled-
fraction variables in the calling program.

Appendix D contains source listings of Fortran
versions of FUNI, FUNIL, and FOOR. Assembly
language versions of these routines were used in the target
program to reduce the computing time.

Program statistics. — Table VI lists the significant
statistics for the target program. These statistics include
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the required numbers of analog components, the
interface requirements, the core storage requirements,
and the execution times for the various routines that
make up the dynamic loop. Comparing tables I(b) and
VI(a) shows that the analog computing requirements of
the target program do not tax the capabilities of one EAI
681 analog console. Tables I(c) and VI(b) show that the
ADC and DAC requirements are also satisfied by either
of the Lewis hybrid systems. The core requirement of the
basic target program (LOOP plus required subroutines) is
only about 7.6K words. However, the addition of the
initialization routine INITAL and the EXEC1 main
program and their associated subroutines (DATAIN,
INFORM, etc.) expands the total target program to
about 25K words. The total LOOP execution time is
about 23 milliseconds with assembly language versions of
PROCOM, MAP/MAPL/MOOR, and FUN1/FUNIL/
FOOR used.

Host Digital Program

One of the fundamental differences between the
simulation development process described in this report
and the process described in reference 14 is the current
use of a host digital program. This program, written in
Fortran, is intended to run on a suitable, large-scale
digital computer (in our case, the IBM 370/3033) and
performs all the data manipulations and calculations
(1) that are necessary to translate engine design
information into a functioning hybrid simulation, and (2)
that were previously done by hand.

In addition to performing the required calculations the
host program incorporates features that can significantly
reduce simulation development time on the hybrid
computer. These features include (1) automatic trimming
of the engine model to match user-supplied design-point
data, (2) a quantitative evaluation of subsystem models
relative to user-supplied off-design-point data, and (3)
computer printouts that provide documentation for the
hybrid simulation.

The host digital program is structured in a modular
fashion to accept user-supplied input data (by means of
punched cards), to perform the required operations on
that data, and to output the desired information to the
user (through computer printouts and punched cards).
The following sections describe the required input data,
the organization of the host program, and the individual
subroutines and function routines that make up the host
program.

Input Data

Figure 12 shows the nature and ordering of the user-
supplied input data. The first card contains three integers
in a (1X,8(I1,2X)) format that specify punch options JP,



TABLE VI. - TARGET PROGRAM STATISTICS

(a) Analog Program

Components Number required
Integrators 16
Summers 19
Multipliers 6
X2 2
Dividers 8
Potentiometers 53
Function relays 10
“AND”’ gates 4
BCD counter 1
Logic pushbutton 1

(b) Interface

Components Number required
ADC’s 25
DAC’s 21
Control lines 2

Sense lines

General-purpose
interrupt

Real-time clock 1

3 (2 if INFORM used)
1 (only if INFORM used)

JPD, and JPA. JP=1 will cause all the previously
described output data cards to be punched. JPD = 1 will
cause only the performance map data, digital
coefficients, inlet option, and bleed integers to be
punched. JPA =1 will cause only the analog setup data to
be punched. The second card contains the inlet
configuration option INLET in a (1X,I1) format.
INLET =1 will cause the military specification inlet
pressure recovery characteristic to be used in the host
program calculations. Any other value will result in an
inlet recovery of 1.0 (no inlet). INLET is transmitted to
the target program through the punched cards. The third
card contains two constants Kgp wyt and Kppwrt in a2
(3X,2F12.5) format. These constants represent the
fraction of turbine cooling bleed that performs turbine
work for the high- and low-pressure turbines,
respectively.

The next six sets of cards contain bivariate function
data related to the engine components’ performance. The
contents and order of the component performance map
cards are the same as described in the preceding input
data section under Target Digital Program. The last set
of map data is followed by a blank card. Following the
blank card are six cards containing duplicates of the map
scale factor cards. This repeated input of map scale
factors is necessary because the scale factors are needed
to unscale certain map variables in the host program. The
scale factors, read as part of the map data set, are not
returned to the MAIN program from the DATAIN
subroutine.

Following the component map scale factors are nine
cards containing scale factors for the key simulation

(c) Digital program

Basic software Core storage, [Execution time,

number of words? msec
LOOP 1805 22.5
FLCOND 219 95
PROCOM b179 (266) 28
TRAT 263 .67
NOZZL 528 1.94
MAP/MAPL 5213 (622) 0.28/0.08
MOOR 136 (116)
FUNI/FUNIL 5106 (282) 0.15/0.06
FOOR 125 (102)
LINKAGE 271
RUN-TIME LIBRARY 591
COMMON 3007
ZONEOD 120

Total 57563 (8202)

INFORM-related Core storage,
software number of words
EXECI 629
INITAL 1368
INFORM 6710
DATAIN 941
BTASK 823
LEVELO 2
LEVELS 36
MOOR¢ 5272 (232)
FOOR¢ 250 (204)
LINKAGE® 981
RUN-TIME LIBRARY® 5142
ZERO(* 89
Total | ®17 243 (17 154)
Grand total | %24 882 (25 432)

216-Bit word.

l"Assembly-langua\gc version used for test case; number in parentheses denotes
number of words in Fortran version.

CAdditional loads required by INFORM.

variables. Table VII lists the variables (in order) that
require user-supplied scale factors. The scale factor data
are read in a 5(F12.5) format.

Following the scale factor data is a card containing two
integers, NDRY and NAUG, in a (1X,2(12,2X)) format.
These integers specify the number of nonaugmented (dry)
and augmented operating points to be input to the host
program by the user. That is, a total of NDRY + NAUG
sets of engine cycle data (pressures, temperatures, etc.)
are input by the user. By definition, the first operating
point read in is the dry ‘‘design’’ point. It would usually
be the maximum nonaugmented thrust condition. The
NDRY + 1 point is assumed to be the augmented design
point and would usually be the maximum thrust
condition.
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Figure 12 - User-supplied host program input data.

Following the NDRY,NAUG specification card are
cards containing the dry design-point data. The first card
contains a power lever angle (PLA) indicator or label in a
(9X,13) format. The following nine cards contain, in a
(5F12.5) format, steady-state values for the engine
variables listed (in order) in table VIII.

Following the dry design-point data are cards
containing the desired time-scale factor (in a (1X,F5.0)
format) and engine geometric data. The geometric
parameters, discussed in the section Engine Dynamics are
volumes Vi3, V3, V3, V4.1, Vs, and Vo, reactances (A/0)p,
and (A/0)ap, and rotor inertias gy and ;. The volumes
are read in a (6F12.5) format. The reactances and inertias
are read in a (4F12.5) format.

Following the geometric data are cards containing the
user-assigned analog potentiometer and integrator
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addresses. The analog component addresses would be
selected by the user from the available complement of
analog equipment. A total of 53 potentiometers and 16
integrators must be selected and patched in the prescribed
manner (table III and appendix C). The 53 potentiometer
addresses are read in a (1X,8(A4,1X)) format. The 16
integrator addresses are read in an (814) format. The
analog component addresses are subsequently
transmitted to the target program along with the
potentiometer settings and integrator gain integers
computed by the host program.

Following the analog component addresses are cards
containing additional dry and augmented operating-point
data. As previously stated, the NDRY+1 point is
assumed to be the augmented design point. Note that
each set of operating-point data is preceded by a PLA



TABLE VII. -SIMULATION VARIABLES
REQUIRING USER-SUPPLIED
SCALE FACTORS

Order of input|Variable Order of input|Variable
of scale factor of scale factor

1 Py 23 Wy

3 Py, 25 We

4 Py 26 Wy

5 Py 27 Ahyt

6 P, 28 Ahy T

7 Py 29 F,

8 Py 30 Ny

9 Py 31 Ny
10 P, 32 WE 4
11 T, 33 WE 7
12 T3 34 Ag
13 T35 35 Ag
14 T3 36 a
15 Ty 37 M,
16 T4 38 Clvyva
17 T 39 CIVvY
18 Ty 40 RCVV2
19 Wy 41 RCVV?
20 W” 42 Vg
21 Wy 43 Ty
22 Wy 44 Fuy

4Scale factor is bias to be subtracted from variable,
bScale factor is scale factor on biased variable.

indicator card. Reference 15 contains listings of user-
supplied input data for the turbofan engine test case.

Organization

Figure 13 shows the modular structure of the host
digital program. The program flow is controlled by the
MAIN program. The MAIN program and subroutines
called by MAIN are used to read the input data cards.
The subroutines and function routines operate on the
input data and output to the user the information needed
for setup of the target program on the hybrid computer.
The following sections describe the various host program
routines. A flow chart of the host program and source
listings of the host program routines are provided in
appendix E.

MAIN Program

The principal function of the MAIN program is to
control the flow of the host program through calls to
subroutines MAPIN, PRINT, DCOEF, ENGINE, and
ANALOG. These subroutines perform the bulk of the
data input and output, the data manipulation, and the
calculations. The MAIN program also does a limited
amount of data input and output and scaling.

TABLE VIII. -SIMULATION VARIABLES
REQUIRING USER-SUPPLIED
STEADY-STATE DESIGN AND

OFF-DESIGN VALUES

Order of input{Variable | | Order of input|Variable
of scale factor of scale factor
1 Py 24 Wy
2 Py 25 Wa 1
3 Py 26 W
4 Py, 27 Wy
5 P 28 Ahyr
6 Py 29 Al T
7 Py 30 ng
8 Py 31 1AB
9 Pg 32 F,
10 Py 33 N
11 Tim 34 Ny
12 4 35 Wra
13 Ty 36 WE7
14 T2 37 Ag
15 T 38 Ag
16 T, 39 a
17 T4 40 M,
18 s a1 Can
19 T 42 Con
20 wy 43 Civv
21 w13 44 RCVV
22 W22 45 F,
23 w3

The punch options, inlet option, and bleed work
coefficients are read by the MAIN program and stored in
common blocks IVARS and INL.

The MAIN program calls subroutine MAPIN to
accomplish the reading in and scaling of the component
performance map data. The resulting integer and scaled-
function data arrays are stored in the NMAPS comrion
block. Computer printouts of unscaled map data are
generated for each map. The call to MAPIN also
produces values for some of the digital coefficients. They
are stored in the AVARS common block. MAPIN also
reads in the map scale factor data and stores them in the
AVARS common block. The MAIN program then reads
in the NDRY and NAUG integer data. These integers are
used to control a DO loop in which the user-supplied
operating-point data are read in and used. After each set
of operating-point data is read in, a call to subroutine
PRINT is made to obtain a computer printout of the
operating-point data.

For each operating point the MAIN program computes
values of the compressor discharge bleed flows wgp y,
wpLLT, and wpp gy required to match the user-supplied
cycle data. If nonpositive bleed values are computed at
the dry design point (IF = 1), zero bleed will be assumed
at all operating points and the corresponding bleed
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Figure 13. - Organization of host digital program.

integers (KBH, KBL, and KBV) will be set to zero. The
computed bleed flows are scaled in the MAIN program
by using scale factors that are fixed proportions of the
compressor flow scale factor.

SFyp =02 SFi, (110)
SFyyy,; =0.02 SFy, (111)
SFyp, oy =0-002 Sy, (112)

Each set of user-supplied operating point data is scaled
by the MAIN program from the user-supplied scale
factors read in by MAPIN and stored in the SVARS
common block.

After the input and scaling of the IP=1 and
IP=NDRY +1 design-point data, the MAIN program
calls subroutine DCOEF to compute additional digital
coefficients, correction (trim) factors, and corrected
(trimmed) digital coefficients. The correction factors,
CC(), uncorrected digital coefficients, UDC(), and
corrected digital coefficients DC() are stored in the
AVARS common block.

For each operating point the MAIN program calls
subroutines ENGINE, ANALOG, and PRINT.
Subroutine ENGINE uses the corrected digital
coefficients and floating-point Fortran versions of the
scaled equations in the target subroutine LOOP to
compute scaled values of the engine state variable
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derivatives. At the IP=1 point the corrected digital
coefficients will produce (essentially) zero derivatives and
hence an equilibrium condition at the user-specified
operating point. However, at the other operating points
no such guarantee of a balanced condition exists.
Therefore calculations are performed in ENGINE for
each operating point to obtain ratios of individual
component model outputs to the output values required
to achieve the desired equilibrium condition. Nonunity
values for these ratios indicate the need for modifications
to the models to match the operating-point data. The
model evaluation ratios are stored in the RVARS
common block.

The IP =1 call to ANALOG causes time scale factor,
geometric, and analog component address data to be read
into the host program. Potentiometer settings and
integrator gains are calculated in ANALOG. For IP =1
the call to ANALOG produces model evaluation ratios
DP6R and DPI13R that indicate how well the augmentor
and bypass duct models (implemented on the analog in
the target program) match the user-supplied cycle data.
These ratios are also stored in the RVARS common
block. After the calls to ANALOG, calls to PRINT result
in computer printouts of all scaled and unscaled
simulation variables, including such thermodynamic
parameters are specific heat ratios and enthalpies. The
scaled variables are stored in the XVARS common block.

After all the operating points have been treated in the
host program, the MAIN program calls subroutines



ANALOG and PRINT to produce printouts of analog
information (potentiometer settings, integrator gains,
etc.) and digital information (digital coefficients, bleed
integers, etc.) and to punch the desired data on cards (if
JP, JPD, or JPA equals 1). The final call to PRINT also
produces printouts of the model evaluation ratios.

Subroutines

MAPIN, — The MAPIN subroutine performs two main
functions. The first is to control the reading in of
component performance map data through a call to the
DATAIN subroutine. The second is to read in user-
supplied scale factors and to compute those digital
coefficients that are functions of the scale factors. The
integer and scaled-map data arrays are filled by DATAIN
and stored in the NMAPS common block. The scale
factors are stored in the SVARS common block. The
computed digital coefficients are stored in the AVARS
common block.

DCOEF. — The DCOEF subroutine is used to compute
digital coefficients and correction factors from design-
point data. DCOEF is called by MAIN for the IP =1 and
IP =NDRY + 1 operating points only. At the IP = 1 point
the digital coefficients are computed from the input
values of pressures, temperatures, flow rates, etc., and
the scale factors. The correction factors are then
determined and applied to the uncorrected digital
coefficients. The corrections are intended to compensate
for interpolation errors, etc., and will produce
(essentially) zero derivatives at the IP =1 design point. At
the IP=NDRY +1 point, additional coefficients and
correction factors are computed such that a balanced
condition exists in the augmentor at the maximum thrust
point. To do this, DCOEF uses scaled, floating-point
Fortran code that is equivalent to the code in the
ENGINE subroutine. The uncorrected digital coefficients
and correction factors are stored in the AVARS common
block along with the corrected digital coefficients.

ENGINE. —The ENGINE subroutine represents a
scaled, floating-point Fortran equivalent to the scaled-
fraction Fortran subroutine LOOP in the target program.
The scaled equations that describe the turbofan engine
model are solved in ENGINE by using the corrected
digital coefficients determined in MAPIN and DCOEF.

ENGINE is called once for each user-specified
operating point, IP=1, 2, . . ., NDRY + NAUG. Scaled
values of the engine pressures, temperatures, duct flow
rates, rotor speeds, and controlled inputs (fuel flows,
nozzle areas, etc.) represent ADC inputs to the LOOP
subroutine in the target program. The scaled derivatives,
computed in ENGINE, represent variables to be output
by LOOP through the DAC’s. It should be emphasized
that no numerical integrations are performed in the host
program. This is analogous to holding the target
program’s analog integrators in their initial condition

(IC) mode. Nonzero derivatives, computed in ENGINE,
indicate a nonequilibrium condition that would, if not
corrected by model changes, result in a different steady-
state operating point than the one specified by the user.
To aid the user in evaluating the off-design performance
of the model and determining what (if any) changes need
to be made to the model, ENGINE computes individual
model evaluation ratios at each operating point. The
model evaluation ratios represent multipliers that, if
applied to the corresponding model’s output, will
produce the desired equilibrium condition. By analyzing
the evaluation ratios over an operating line, correlations
with engine parameters can be developed, incorporated
into the model, and reevaluated prior to going to the
hybrid. The model evaluation ratios are stored in the
RVARS common block. The XVARS common block is
used to store all the scaled variables computed in
ENGINE.

ANALOG. — The ANALOG subroutine is used by the
host program (1) to read in engine geometric data and
analog component addresses, (2) to compute analog
potentiometer settings and integrator gain integers at the
dry design point, (3) to compute bypass and augmentor
duct model evaluation ratios at all operating points, and
(4) to generate computer printouts of all pertinent analog
setup information.

The functions to be performed by ANALOG are
governed by the value of the calling argument APRINT
and the operating-point index IP (input through the
IVARS common block). APRINT is set to zero in MAIN
prior to the call for each operating point. For
APRINT =0 and IP =1, ANALOG reads user-supplied
values of the time scale factor, engine geometric
parameters, potentiometer addresses, and integrator
addresses. ANALOG then calls subroutines VOLUME,
SPOOL, and DUCT to compute the potentiometer
settings and the integrator gain integers for each element
in the engine model. Each gain integer represents the
power-of-10 gain required for the integrator(s) associated
with the particular element. The VOLUME subroutine
also computes the stored mass value and the stored mass
scale factor for each intercomponent volume in the
model. Although DUCT is called for each operating
point, the potentiometer settings and integrator gain
integers associated with each duct are not updated for
IP=1. For these points the computed values of the
feedback potentiometers (PVAL(4) in fig. 6) are ratioed
to the IP=1 values. The ratios DPI3R and DP6R
indicate how well the duct model matches the off-design-
point data. ANALOG also computes potentiometer
settings corresponding to simulation input variables (fuel
flows, etc.) at the dry design point.

After the ENGINE, ANALOG, and PRINT calls for
the I[P =NDRY + NAUG point, a final call to ANALOG
is made with APRINT=1. At this time computer
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printouts of al the pertinent analog setup data are
generated. The ANVARS common block is used to store
the analog data. The computed duct model evaluation
ratios are stored in the RVARS common block.

PRINT. — Subroutine PRINT is a multipurpose output
routine that performs one of three functions, depending
on the value of the calling argument IPRINT. IPRINT is
initialized to zero in MAIN and is incremented in PRINT
just after each call. For the first call PRINT merely lists
the user-supplied operating-point data. For the second
call PRINT lists all the scaled variables computed in
ENGINE. PRINT proceeds to unscale selected variables
by using scale factors stored in the SVARS common
block. The unscaled variables are then listed. For the
third call to PRINT digital coefficients (uncorrected and
corrected) and correction factors are printed out. The
coefficients are tested to ensure that they are less than
1.0. If they exceed 1.0, they are flagged’in the printout to
indicate the need for rescaling of variables. Digital and
analog setup data are punched on cards according to the
selected punch options (JP, JPD, and JPA). All the
model evaluation ratios are printed out after the third call
to PRINT.

VOLUME. — The VOLUME subroutine is called by
ANALOG for each intercomponent volume in the engine
model. The subroutine calculates potentiometer settings
and integrator gain integers based on user-supplied
design-point data, scale factors, and geometric
parameters. The inputs to the subroutine are the unscaled
pressure and temperature in the volume, the volume, the
time scale factor, and the scale factors for the flow rate
through the volume and for the pressure and the
temperature. The outputs of the subroutine are an array
of five potentiometer settings, a gain integer representing
the required integrator gain, the unscaled stored mass in
the volume, and the stored mass scale factor as
determined by VOLUME. Logic is included in the
subroutine to determine the stored mass scale factor that
will result in a scaled value between 0.5 and 0.8 at the
design point. Also, logic is included to ensure that the
computed potentiometer settings are less than 1.0.

SPOOL.—-The SPOOL subroutine is called by
ANALOG for each of the two spools in the engine
model. The subroutine calculates potentiometer settings
and an integrator gain integer based on user-supplied
design-point data, scale factors, and geometric
parameters. The inputs to the subroutine are the unscaled
rotor speed, the rotor inertia, the time scale factor, and
the scale factors for rotor speed, turbine enthalpy drop,
and turbine flow rate. The outputs of the subroutine are
an array of two potentiometer settings and an integrator
gain integer. As in the case of VOLUME, logic is
included to ensure that the potentiometer settings are less
than 1.0.

DUCT. — Subroutine DUCT is called by ANALOG for
each of the two ducts in the engine model. The subroutine
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calculates potentiometer settings and an integrator gain
integer based on user-supplied design-point data, scale
factors, and geometric parameters. The inputs to the
subroutine are the unscaled values of inlet pressure, exit
pressure, inlet temperature, and flow rate; the duct A//;
the inlet volume (includes one-half of the duct volume);
the time scale factor; and scale factors for inlet pressure,
exit pressure, inlet temperature, and flow rate. The
outputs of the subroutine are the array of four
potentiometer settings and an integrator gain integer. As
in the case of VOLUME, logic is included to ensure that
the potentiometer settings are less than 1.0.

DATAIN, -DATAIN is a floating-point Fortran
version of the scaled-fraction Fortran subroutine in the
target program. In the host program, DATAIN is called
by MAPIN to read component performance map data
from user-supplied cards. DATAIN scales the map data
and fills the appropriate integer and scaled-data arrays.
The host program version of DATAIN contains a
provision for punching unscaled map data cards for input
to the target program. The map data are punched if the
punch options JP =1 or JPD =1 are selected by the user.

FLCOND.-FLCOND is a floating-point Fortran
version of the scaled-fraction version in the target
program. In the host program, FLCOND is called by
ENGINE and DCOEF to compute the scaled values of
the ambient pressure and fan inlet total pressure and
temperature from specified scaled values of altitude,
Mach number, and sea-level ambient temperature.

PROCOM. —PROCOM is a floating-point Fortran
version of the scaled-fraction version in the target
program. In the host program, PROCOM is called by
ENGINE and DCOEF to compute scaled values of
JP-4/air thermodynamic properties based on specified
scaled values of temperature and fuel-air ratio. The
thermodynamic properties are the specific heats ¢, and
¢, the specific heat ratio, and the specific enthalpy.

TRAT. —TRAT is a floating-point Fortran version of
the scaled-fraction version in the target program. In the
host program, TRAT is called by ENGINE and DCOEF
to compute the scaled isentropic temperature rise
parameter (A7/T);q based on specified scaled values of
pressure ratio and specific heat ratio.

NOZZL.—-NOZZL is a floating-point Fortran version
of the scaled-fraction version in the target program. In
the host program, NOZZL is called by ENGINE and
DCOEF to compute the scaled values of nozzle flow rate
and nozzle gross thrust based on specified scaled values
of ambient pressure, nozzle inlet pressure and
temperature, nozzle throat area, nozzle exit area, flow
coefficient, and velocity coefficient.

Function Routines

MAP/MAPL/MOOR. — Function routine MAP is a
floating-point Fortran version of the scaled-fraction



assembly language version in the target program. In the
host program, MAP is called by ENGINE and DCOEF
to interpolate tables of scaled, bivariate function data
based on specified scaled values of the independent
variables. As in the case of the target program a second
entry point (MAPL) is used when multiple functions of
the same independent variables are to be generated.
Subroutine MOOR is called by MAP to flag out-of-range
inputs to MAP.

FUN1/FUNIL/FOOR. —Function routine FUN1 is a
floating-point Fortran version of the scaled-fraction
assembly language version in the target program. In the
host program, FUNI is called by ENGINE, DCOEF,
FLCOND, TRAT, and NOZZL to interpolate tables of
univariate function data based on specified scaled values
of the independent variable. In general, FUNI1 is used in
the host program to generate fixed functions (defined by
DATA statements in the calling subroutines). As in the
case of the target program, a second entry point (FUNIL)
is used when multiple functions of the same independent
variable are to be generated. Subroutine FOOR is called
by FUNI to flag out-of-range inputs to FUNI.

Program Statistics

Table IX lists the core storage requirements for the
host program. Approximately 24K words are required.

Turbofan Engine Test Case

To demonstrate the computer-aided simulation
development process, a test case was run. The test case
involved simulating an engine in the 111.1-kilonewton
(25 000-1bf) thrust class operating at sea-level, static
conditions from idle to maximum thrust. The following
section describes the test case engine.

Engine Description

The test case engine is an augmented turbofan engine,
as illustrated in figure 3. The engine is assumed to have
the standard inlet pressure recovery as defined by
equation (3). The turbine cooling bleeds are configured in
such a way as to have bleed work coefficients Kg; wHT
and Kpgywrr of 0.63412 and 0.17058, respectively.
Table X lists these and other salient parameters for the
test case engine.

The test case engine is assumed to have variable fan
inlet guide vanes (CIVV) and variable compressor stator
vanes (RCVYV). Figures 14 and 15 show the effects of
variable vanes on the steady-state performance of the fan
and compressor, respectively. Figure 14 corresponds to
the function f3 in the engine model and to map 1 in the
host and target programs. Figure 15 corresponds to the
function f; and to map 2. Figures 16 to 19 show the
steady-state performance characteristics of the fan,

TABLE IX.-HOST
PROGRAM STATISTICS

Software Core storage,?
number of words
MAIN 1088
MAPIN 1242
DCOEF 1628
ENGINE 1463
ANALOG 1581
PRINT 6802
VOLUME 249
SPOOL 157
DUCT 258
DATAIN 1672
FLCOND 234
PROCOM 205
TRAT 246
NOZZL 471
MAP 292
MAPL 73
MOOR 136
FUNI1 158
FUNIL 1
FOOR 108
COMMON 5662
Total 23 796
232-Bit words.

TABLE X.-TEST-CASE ENGINE PARAMETERS

KBLWHT +veeveereeresressvensessecssesneeseessesssssssensens 0.63412
KBLWLT eeveeerveerressrressressesnenssssesseessseesneennes 0.17058
3 et eerreeeeiree et e e e e aens 0.0467 m3 (2850 in.3)
Vg creeieeirenreeireste e sneenesanenens 0.0467 m3 (2850 in.3)
Vil eereereerrenreneesnesseesseseessenses 0.6555 m3 (40 000 in.3)
Veeererraneeruenseesenseeseensessronnes 0.8473 m3 (51 705 in.3)
g ettt eeee e e e e st eeenaean 0.7046 m3 (43 000in.3)
V13 cerrrenneeeerressaeeeapeeesaseesaneees 1.426 m3 (87 050in.3)

13.15¢m (5.1778 in.)

13.15¢cm (5.1778 in.)
) /7SR 515.2 N cm sec? (45.6 1bf in. sec2)
Iioooeeeeeieeeeieeeeeeennn 610.1 N cm sec2 (54.01bf in. sec2)

compressor, high-pressure turbine, and low-pressure
turbine, respectively. Figures 16 and 17 represent the
nominal fan and compressor performance with scheduled
vane angles (outputs of maps 1 and 2 equal to zero).
Figures 16(a) to (d) correspond to functions fg, f7, fo, and
JS10 and to map 3. Figures 17(a) and (b) correspond to
functions f1; and fi3 and to map 4. For the turbines
figures 18(a) and (b) correspond to functions f4 and fis
and to map S5; figures 19(a) and (b) correspond to
functions fi¢ and fj7 and to map 6. Note that the
component performance maps are normalized. That is,
the map variables are expressed as ‘‘fractions of design.”’
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Normalized compressor airflow shift parameter, f12
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Figure 14. - Effect of variable inlet guide vane position on fan performance - test case engine.
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Figure 15. - Effect of variable stator vane position on compressor performance - test case engine.
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Figure 16. - Fan performance maps with inlet guide vanes at their nominally scheduled position - test case engine.

The component design points are assumed to match the
engine dry design point.

Table VIII lists the user-supplied engine variables that
define the steady-state performance of the engine. Values
of these variables were input to the host program for the
design and off-design points. The design point in this case
was the maximum nonaugmented thrust point at the sea-
level, static, standard-day condition. All the relevant
design- and off-design-point data for the test case engine
are contained in reference 15.

Hybrid Computer Specification

Having defined the engine geometry and steady-state
performance, the user must specify scale factors and
analog component addresses. The scale factors are-used
by the host program to calculate digital coefficients,

analog potentiometer settings, and integrator gains. The
scaling of simulation variables, although not mandatory
for the host program, is needed for the target program to
permit the use of scaled-fraction software in the digital
and to limit analog variables to 1 computer unit
(£10 V on the EAI 681). On the basis of the expected
range of variables, the scale factors listed in table XI were
chosen for the test case. The time scale factor, which is
directly related to the integrator gains, was set to 50 (i.e.,
50 times slower than real time) to ensure stable operation.
The effect of the time scale factor on the stability of the

test case simulation is discussed in the section Results and
Discussion.

The specification of analog component addresses by
the user permits the host program to generate data that
can be used to either automatically set up or instruct the
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Figure 17. - Compressor performance map with stator vanes at their
nominally scheduled position - test case engine.

user to set up the analog computer. Table XII lists the
analog components that were patched according to the
guidelines provided in table III and appendix C.

Host Program Input Data

The ordering of the user-supplied input data is shown
in figure 12. Reference 15 contains a listing of the input
data for the test case. The first card contained the punch
options JP=1, JPD=1, and JPA=1. This caused the
host program to punch all the host program output data.
The second card contained the inlet option INLET =1.
The third card contained the bleed work coefficients
Kppwut=0.63412 and Kg; wLT=0.17058.

Following the bleed work coefficient data were the
cards defining the test case engine component
performance maps. Numerical data corresponding to the
maps shown in figures 14 to 19 were read in along with
information pertaining to map dimensions, data formats,
and scale factors. The section Host Digital Program
contains detailed descriptions of the map data cards. A
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Figure 18. - High-pressure-turbine performance maps - tests case
engine.

blank card followed the map 6 data. This was followed
by cards containing the scale factors for the input and
output variables for maps 1 to 6.

Following the map scale factors were cards containing
user-defined scale factors for the engine variables that are
listed in table VII. Table XI lists the engine variables and
the corresponding scale factors.

Following the scale factor data was the card containing
the integers NDRY and NAUG. For the test case six dry
operating points and four augmented operating points
were input to the host program. These points covered the
sea-level, static, standard-day operating line from idle to
maximum thrust. The dry design-point (PLA =83) data
followed the specification of NDRY and NAUG. These
data were followed by the specification of the time scale
factor. For the test case a scale factor of 50 was selected.
Following the time scale factor were cards containing the
engine geometric data corresponding to table X. These
data were followed by user-specified analog
potentiometer and integrator addresses. Table XII lists
the component addresses selected for the test case.



Low-pressure-turbine
corrected speed,
fraction of design

2.4 04076

4529
2.0—
L6 631
1247
8153
= .90&\

Low-pressure-turbine flow parameter, T
fraction of design

9965
8
| |

{a) Flow parameter.

s fi7.

fraction of design

Low-pressure-turbine enthalpy parameter,

I I l |
0 .5 1.0 1.5 2.0 2.5
Low-pressure-turbine pressure ratio, fraction of design

{b} Enthalpy parameter,

Figure 19. - Low-pressure-turbine performance maps - test case
engine,

Following the component addresses were cards defining
the remaining NDRY + NAUG — 1 operating points.

Host Program Output Data

The ordering of the host-program-generated output
data cards is shown in figure 8. Reference 15 contains a
listing of the host program output data for the test case.
The first six sets of data were reproductions of the
component performance map data cards that were input
to the host program. A blank card was generated by the
host program after the last card for map 6. Following the
map data cards were cards containing the 125 corrected
digital coefficients. These were followed by a card
containing the inlet option integer INLET and the bleed
integers KBH, KBL, and KVB. For the test case, all four
integers were set to 1 by the host program. That is, the
standard inlet recovery was to be used in the target
program and positive bleeds were needed at the dry
design point to match the user-supplied steady-state data.
Following the inlet and bleed integers were cards

TABLE XI. -SCALE FACTORS FOR TEST CASE

Variable, Scale factor, Variable, Scale factor,
X SF, X SF,
Py 20 psia/c.u.? Wy 200 1bm/sec-c.u.
P, 40 psia/ Wa 1 200 Ibm/sec
Py 100 psia/ We 450 Ibm/sec
Py 100 psia/ W 450 Ibm/sec
Py 600 psia/ Ahy 300 Btu/lbm-c.u.
P, 600 psia/ Ahygy 200 Btu/lbm
Py, 150 psia/ F, 50 000 Ibf/c.u.
Py 100 psia/ N 15 000 rpm/c.u.
Py 100 psia/ Ny 15 000 rpm/
Py 100 psia/ WEs 4.5833 Ibm/sec-c.u.
T, 1000° R/c.u. WE7 20 lbm/sec
Ty 1500° R/ Ag 1000 in.2/c.u.
Ty, 1500° R/ Ag 2000 in.2/
T3 2000° R/ a 80 000 ft/c.u.
T, 4000° R/ M, Jcu—!
Ta 3000° R/ CIvve 0 deg
Te 2000° R/ CIVVv® 25 deg/c.u.
T; 5000° R/ RCVVe 4 deg
W 450 Ibm/sec-c.u. RCVV?P 44 deg/c.u.
wi3 250 lbm/sec Ve’ 5000 in./sec-c.u.
Wa2 225 lbm/sec To 1000° R/c.u.
w3 200 Ibm/sec Fy 50 000 Ibf/c.u.

¢ u. denotes computer umit.
bScale factor is bias subtracted from variable.
CScale factor is applied to biased variable.

containing the analog integrator addresses and gain
integers. This information was used in the target
program’s subroutine INITAL to set (or instruct the user
to set) the proper integrator gains. The gain integers
indicated that gains of 1 were to be set for integrators 00,
02, 15, 17, 30, and 35; gains of 10 for integrators 05, 07,
10, 12, 20, 22, 25, 27, and 95; and a gain of 100 for
integrator 90. Following the integrator data were cards
containing initial condition values for the 21 DAC’s
being used. The last set of cards contained potentiometer
addresses and settings for the 53 potentiometers being
used. This information was also used by subroutine
INITAL to automatically set the potentiometers.

Reference 15 contains a complete printout from the
execution of the host program for the test case. In
addition to listing the input and output data, the host
program printed out scaled and unscaled values of
calculated engine variables at each operating point. At
the dry design point, small (~10-96) values of the scaled
derivatives (DAC outputs) were observed. This was
caused by the trim procedure in the DCOEF subroutine.
Larger values did result at off-design points
(DXNH =0.93447%x10-3 at PLA =20, e.g.) and indi-
cated the need for modifications to the engine model to
match specified operating data when the loops are closed
through the analog integrators.
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TABLE XII. - ANALOG COMPONENT SELECTION FOR TEST CASE

Model [Potentiometer[Potentiometer |Integrator [Integrator Model [Potentiometer[Potentiometer
element address address address | address input address address
index, index, index,
k k k
V13 1 P000O 1 00 WE 4 43 P081
2 P001 02 WE7 44 P087
3 P002 Ag 45 P085
4 P003 AE 46 P086
5 P004 Clvva 47 P038
V3 6 P00S 3 05 RCVVa 48 P080
7 P006 4 07 ALT 49 P031
8 P007 My 50 P033
9 P008 Tam 51 P036
10 P009 2Biased input.
Va 11 PO10 5 10
12 PO11 6 12
13 P012
14 PO13
15 PO14
V41 16 POLS 7 15 Model [Potentiometer [Potentiometer
17 Po16 8 17 output address address
18 P17 bias index,
19 PO18 x
20 PO19
V6 21 PO;‘) 1(9) 20 P13/P; 52 P100
;i ggzé 2 PyPyal 53 P101
24 P023
25 P024
V7 26 P025 11 25
27 P026 12 27
28 P027
29 P028
30 P029
Iy 31 P032 13 30
32 P030
Iy 33 P037 14 35
34 P035
(A/Dp 35 P090 15 90
36 P091
37 P092
38 P093
39 P095
(A/DAB 40 P096
41 P097
42 PQ98

After the printout of the DAC initial conditions the
host-program-determined values of the stored mass scale
factors (and corresponding scaled and unscaled values of
the stored masses) were listed.

In addition to printing out the corrected digital
coefficients, the host program also printed out the
uncorrected digital coefficients and correction factors.
Digital coefficients that were zero (such as unused
coefficients) or that equaled or exceeded unity were
flagged to aid the user in detecting situations that might
require rescaling of the simulation or redefinition of
coefficients.
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Finally the host program printed out tables of the
model evaluation ratios for each operating point. As
expected, the ratios were equal to 1.0 at the dry design
point. Nonunity values at other operating points
indicated the need for modifying the individual
component models to produce zero derivatives at the off-
design points. Subsequently, modifications were made to
various subsystem models. In particular, the bleed flow,
augmentor efficiency, nozzle flow, and gross thrust
models were adjusted to achieve near-unity values for
CBLHR(k), ETAABR(k), WG7R(k), and FGR(k),
respectively. Nonunity values for other ratios such as



PO p2 P13 pa2 P3
P4 P41 ) 6 4
TAM T2 T13 122 13
T4 T41 16 17
WA13 WR22 HWG41
WG? DH4 OH4a1 ETAB
ETAAB FNET XNL ¥NH
Wee A8 AE ALT
CW Clw RCW FG
14693 82 14629 02 193354 82 21024 02 10624 03
18140 83 29343 02 18634 02 18176 02 17743 82
51868 83 51846 93 3J7962 @3 58713 83 10065 04
17317 84 12398 04 84204 Q3 18679 @3
51038 @2 42511 02 42926 @2 50720 @2
16703 93 10706 03 11101 €3 31854 93397 ea
58252 60 23239 56818 B4 98209 84 43066 X
00008 00 43201 03 48499 @3 £0000 €0 ©0000 &9
88587 08 93322 29 -24993 @2 -21839 @82 23239 84
STEADY-STATE ERROR RATIOS
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1.01615 1.682044 1.,04198 1.81873 1.01801
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1.00829 .99547 .99973 99997  1.11553

Figure 20. - Target simulation steady-state results - baseline model ;
point 5 (PLA = 24).

DP13R(k) and DP6R(k) were initially judged to have
lesser effects on the steady-state accuracy of the
simulation and were not adjusted. The section Results
and Discussion treats the impact of this.

Results and Discussion

The target simulation was implemented and run on the
PACER 600 hybrid computer system. The analog portion
of the simulation was prepatched as shown in appendix
C. The digital portion of the simulation, consisting of the
EXECI1 main program, subroutines including INITAL
and LOOP, function routines, and library routines, was
compiled (or assembled) and loaded by using the
procedures described in reference 20. Execution of the
INITAL subroutine resulted in the reading in of the host-
program-generated output data and the setting up and
initialization of the analog (potentiometers, integrator
gains, etc.) at the dry design point.

Stable closed-loop operation of the hybrid simulation
(analog computer in OPERATE and repetitive operation
of the LOOP subroutine) was not possible with time scale
factors much below 50. After some study it was
concluded that this was due to relatively high loop gains
in the ‘“‘hot” sections of the engine model and the
effective time delays associated with those loops.
Although it was felt that the time scale factor could
probably be reduced by modifying the structure of the

LOOP subroutine (update the high-gain loops more often
than the others), we decided not to attempt this and,
rather, to concentrate on demonstrating the basic
simulation methodology. The host and target programs
could then be the basis for later work aimed at reducing
the digital frame time and achieving real-time operation.

Steady State

With the simulation inputs (potentiometers) fixed at
the design-point values, the turbofan engine simulation
was allowed to run until an equilibrium (steady state)
condition was reached. The INFORM subroutine was
then used to obtain a tabular listing of unscaled steady-
state data. Variables to be displayed and their scale
factors were defined prior to run time by using the
procedures described in reference 21. The selected
variables and the format of the tables were chosen to
closely match the tables of host program input data
(ref. 15). Figure 20 shows the steady-state hybrid results
at the IA =5 (PLA =24) point. Reference 15 contains all
the operating line data. Note that the unscaled data were
displayed as XXXXX EE, which represents 0.XXXXX
times 10 to the EE power. Also note that steady-state
error ratios (observed value/desired value) were listed for
each variable. This provided a convenient comparison
between hybrid and host program input data.

At the design point the steady-state errors were
generally less than 1.0 percent. This was attributed to the
trim procedure in the host program, which leads to
extremely small state variable derivatives at the design
point. As one moved further away from the design point,
larger errors were observed. At point 5 (PLA =24) the
largest error was found to be 13.5 percent in w;3 (see
WAI3 in fig. 20). These results were not completely
unexpected since the host program had produced
relatively large derivatives at these points along with
nonunity values for the model evaluation ratios.
However, the lack of convergence capability in the host
program made it necessary to run the hybrid to determine
the actual equilibrium conditions produced by the model.

The steady-state results, coupled with the model
evaluation ratios listed in the host program printout,
indicated that modifications to the basic engine model
would be needed if the steady-state errors were to be
reduced to acceptable (3 to 5 percent) levels. In
particular, the duct models and the turbine enthalpy drop
parameter maps were identified as possible causes for the
observed high values of fan speed (and hence flow rates
and pressures). The model evaluation ratios DP13R,
DP6R, DH4QR, and DH4I1TR were used to guide
modifications to the duct and turbine models.

The bypass duct loss characteristic (eq. 51)) was
changed to reflect a linear relationship between the
pressure drop and the corrected flow. That is,
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Figure 21 illustrates the modified implementation of the
bypass duct model.

The augmentor duct model was modified primarily to
reduce the observed steady-state errors at the augmented
operating points. To do this, the fixed value of Kap in
equation (46) was replaced with a nonlinear function of
afterburner fuel flow. Figure 22 shows the modified
implementation of the augmentor duct model.

In addition to the analog changes, it was determined
that the steady-state errors could be further reduced by
employing speed-sensitive shifts of the high- and low-
pressure-turbine enthalpy drop parameter maps. These
shifts were accomplished in the LOOP subroutine by the
following steps:

(1) Defining and declaring variables for two additional
table lookups as follows:

Pig=P13— -Kp; (113)

DIMENSION N8(3),N9(3)

SCALED FRACTION X8(8),Y8(8),X9(8),Y9(8),
NHSHFT,NLSHFT

(2) Defining tables of data for the two shift functions
as follows:

DATA N8/18,1,8/

“ PVAL (38) CHANGED T0 0,0157.
«# NEW POTENTIOMETER ADDED - PVAL (54} = 0, 0060.

Figure 21. - Modified analog computation of bypass duct flow rate.

34

*  PVAL (42) CHANGED T0 0.4154.
“* FUNCTION DEFINED BY POINTS: X F(X)

0 0. 0852
L0750 . 1480
. 2200 . 2062
L3800 .2496
L5250 . 2132
L9999 . 3500

Figure 22. - Modified analog computation of augmentor duct flow rate,

DATA X8/.00000S,.61321S,.65269S,.69753S,.74127S,
.795278S,.87567S,.99999S/

DATA Y8/.99999S,.98860S,.98766S,.98766S,.99307S,
.99660S,.99960S,.99999S/

DATA N9/19,1,8/

DATA X9/.000008S,.25977S,.35683S,.47077S,.53519S,
.61229S,.685808S,.99999S/

DATA Y9/.50000S,.50993S,.49499S,.505578S.,49447S,
.497078S,.498118S,.50000S/

(3) Computing and applying the shift functions as
follows:

NHSHFT =FUN1(N8,X8,XNH)



PO P2 P13 paz2 P3
P4 P41 P3 P6 P?
AN T2 T13 T2 13
T4 T41 16 17 WAR2
WAL3 Wa22 WAR3 WG4 WG41
WG6 WG7 DH4 DH41 ETRB
ETRAB FNET XNL XNH WF4
WF? A8 AE ALT XMN
CON CWN Clw RCW FG
14693 82 14629 02 199352 @2 21222 @2 108332 A3
10860 B3 28967 82 18274 @02 17822 B2 17426 02
518?4 83 51859 83 5864Q 03 58896 03 10055 04
1 84 12473 B4 86462 83 86426 @3 99564 02
S0688 B2 42041 42534 50293 a2
99783 G2 99838 62 11017 @3 32068 B2 99337 00
56844 00 04 53677 04 97998 @4 43039 88
00000 00 48511 @3 000@0 80 ©00C0 @0
88489 0@ 9536? 00 ~24935 02 -21844 02 20889 84
STEADY-STATE ERROR RATIOCS
.99980 .99543 1.00013 99784 1.00838
1.00734 1.00738 1.02049 95788 1.00049
1.00001 .93968 1.00438 .99957 1,0003?7
.99520 1.00203 1.89785 1.08770 .95828
.99668 99913 1.00379 MSO 1.0080
.93816 99788 .9 .9999?
1.0004f 1.00208 1.00287 1. ms? 1.8219
.00000 1.00030 1.8003 . 90830 .02289
99938 . 99993 .89973 .99957 1.80208

Figure 23. - Target simulation steady-state results - modified model;

point 5 (PLA = 24),

Wp 4 kalsec

Ny, rpm RCVV, deg Ag. m2

P13, Niem?

T4 K

DH4 = (HP4*SSQRT(T4)*XNH*NHSHFT)/DC(87)

NLSHFT =FUNI(N9,X9,XNL)

DH41 = (HP41*SSQRT(T41)*XNL*NLSHFT)/
(.55*DC(88))

After these changes had been made to the target
program, the simulation was rerun to determine the
steady-state errors relative to the host program input
data. Reference 15 contains all the resulting data. Fig-
ure 23 shows the results at the IP =5 (PLA =24) point. In
general the modified simulation produced steady-state
errors of less than 2.5 percent over the entire operating
line. The maximum error in pressures was 2.5 percent (Ps
at PLA =20). The maximum error in temperatures was
0.99 percent (77 at PLA =20). The maximum error in
flows was 0.81 percent (w4 ; at PLA =24). The maximum
error in rotor speeds was 0.30 percent (N, at PLA =20).
This level of accuracy should be acceptable for almost
any application.
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(a} Combustor fuel flow (full scale, 2.079 kg/sec). (b} Nozzle throat area (full scale, 0.0164 m),
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{f) Fraction of design fan corrected airflow.
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(g) Compressor speed (full scale, 15 000 rpm).
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(h} Fan speed {full scale, 15000 rpm).
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(i} Fan discharge pressure {full scale, 68,95 Niem?).
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(j) Combustor pressure (full scale, 413.7 Niem?),

tk) Low-pressure-turbine inlet temperature (ful! scale,

1666. 6 K).

Figure 24.
sea-level static, standard-day conditions.

Time,

-1 0 1 2 3 ) 5 6
sec

(1) Net thrust {full scale, 2. 22410 N).

- Target simulation response to inputs representing throttle stam from idle (PLA = 20} to dry design {PLA = 83) power -
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Figure 25. - Target simulation response to inputs representing cyclic throttle movements between dry design (PLA = 83) and PLA = 40
power - sea-level, static, standard-day conditions.
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(k) Low-pressure-turbine inlet temperature (full scale, 1666. 6 K).

{1 Net thrust (full scale, 2.224x10° N).

Figure 26. - Target simulation response to inputs representing throttle slam from idle (PLA = 20) to maximum augmented (PLA = 130) power - sea-

leve!, static, standard-day conditions.



Transients

Although no reference or basis for evaluating the
transient performance of the simulation was available, it
was felt that it was important to demonstrate the
transient operation of the simulation over the entire
thrust range. To avoid the need for simulating an engine
controller, it was decided to test the simulation dynamics
in an “open loop’’ fashion. That is, time histories of the
simulation inputs were constructed from representative
engine data and implemented by using analog function
generators driven by a ramp signal denoting time. Time
histories were generated for three typical engine
transients—an acceleration from idle to dry design
thrust, a cyclic movement of the throttle, and an
acceleration from idle to maximum thrust. Figures 24 to
26 show the simulation responses for these cases. The
simulation responses were stable and exhibited
reasonable response times, overshoots, etc. No analog
component overloads or scaled-fraction overflows were
observed, an indication that the selected scale factors and
the organization of the target program computations
were satisfactory.

Concluding Remarks

The value of hybrid computation as a simulation tool
has been aptly demonstrated in a variety of applications,

including gas turbine engine controls development.
Despite the tremendous technological advances in digital
computation (microprocessors, array processors, etc.) it
is expected that hybrid computers will continue to play a
significant role in simulation because of the speed of the
analog computer and the ‘‘hands on’’ interaction
available to the user. Still, it is recognized that problems
exist when developing hybrid computer simulations and
that these problems, if not solved, can significantly
reduce the effectiveness of the hybrid approach. In
particular, programming aids are needed that can make it
easier to formulate models of dynamic systems; that can
support the development, implementation, and
documentation of the simulation; and that can ensure
acceptable levels of steady-state and dynamic accuracy.

This report has focused on the gas turbine engine
simulation problem and has presented a systematic,
computer-aided, self-documenting methodology for
developing a hybrid computer simulation of an
augmented turbofan engine. The proposed simulation
development process has been exercised, demonstrated,
and documented for a typical turbofan engine design.
The results indicate that the process does satisfy most of
the desired objectives.

Lewis Research Center

National Aeronautics and Space Administration
Cleveland, Ohio, July 14, 1981

37



A
AADR()

DWij
DXNH
DXNL
F

FRjj
Ji

Sffa
GAIN()

8c

H
HVF

Ah

38

Appendix A

Symbols
cross-sectional area, cm2 (in2) Kp
address of ith analog integrator, i=1to 16
altitude, m (ft) Kpi
bias on variable x, appropriate units
nozzle flow coefficient Kp2
nozzle velocity coefficient
fan variable-geometry parameter, deg Kers
specific heat at constant pressure, J/kg K /

(Btu/Ibm °R)
specific heat at constant volume, J/kg K M
(Btu/lbm °R) N
scaled specific temperature derivative at P
station j PADR()
differential time, sec
scaled differential time, sec pP/P
scaled stored mass derivative at station j PVAL@)
scaled high-rotor-speed derivative
scaled low-rotor-speed derivative p
thrust, N (Ibf) 0
function relay having address jj R
functional relation, i=1 to 30 RCVV
local fuel-air ratio
analog integrator gain for ith model element, SF,
i=1to 10 T
gravitational conversion factor, T/T
100 cm kg/N sec2 (386.3 1bm in/Ibf sec2) AT/T
heat, J (Btu) P
heating value of fuel, J/kg (Btu/lbm) pr
specific enthalpy, J/kg (Btu/lbm) u
enthalpy change, J/kg (Btu/lbm) v
turbine enthalpy drop parameter,
J/kg K rpm (Btu/lbm °R* rpm) v
polar moment of inertia, N cm sec2 W
(Ibf in sec?) w
mechanical equivalent of heat, 100 N cm/J We
(9339.6 1bf in/Btu) wp
augmentor pressure loss coefficient,
N2 sec2/kg2 cm4 K (Ibf2 sec2/lbm2 in4 °R) X
main combustor pressure loss coefficient, (X, V)
N2 sec2/kg2 cm4 K (Ibf2 sec2/Ibm2 in4 °R)
fraction of high-pressure-turbine cooling 8
bleed doing work Y
fraction of low-pressure-turbine cooling 6
bleed doing work U]

duct pressure loss coefficient,
N2 sec2/kg2 cm4 K (Ibf2 sec2/lbm2 in4 °R)

modified duct pressure loss coefficient,
N2 sec/kg cm4 K¥: (Ibf2 sec/lbm in4 °R%2)

modified duct pressure loss coefficient,
N/cm?2 (psia)

low-pressure-turbine discharge pressure loss
coefficient

length, cm (in.)

Mach number

rotational speed, rpm

total pressure, N/cm2 (psia)

address of ith analog potentiometer, ;=1 to
53

pressure ratio

setting for potentiometer PADR(), i=1 to
53

static pressure, N/cm2 (psia)

torque, N cm (in 1bf)

gas constant, N cm/kg K (in Ibf/lbm °R)

compressor variable-geometry parameter,
deg

scale factor on variable x, appropriate units

total temperature, K (°R)

temperature ratio

temperature rise parameter

time, sec

scaled time, sec

internal energy, J/kg (Btu/lbm)

volume, cm3 (in3)

velocity, cm/sec (in/sec)

stored mass, kg (Ibm)

mass flow rate, kg/sec (Ibm/sec)

corrected mass flow rate, kg/sec (Ibm/sec)

turbine flow parameter, kg K cm2/N rpm sec
(Ibm °R in2/1bf rpm sec)

scaled variable, computer units

map inputs, appropriate units

temperature interpolation constant
specific heat ratio

ratio of total pressure to sea-level pressure
efficiency (0 <5 <1.0)



ratio of total temperature to standard-day
temperature

Subscripts (Note that subscript may be combined, e.g.,

Wr 4):
A

AB
am

B

BL
BLHT
BLLT
BLOV

cr
des

es
FAN

HT

air

augmentor

ambient

main combustor

bleed

high-pressure-turbine cooling bleed
low-pressure-turbine cooling bleed
overboard bleed

compressor

critical flow

design point

nozzle exit plane

expelled nozzle shock

fuel

fan

high-pressure spool

high-pressure turbine

inlet

ID fan hub region

i initial condition

id ideal

in into volume

J station (fig. 3), /=0, 2, 2.1, 2.2, 3, 4, 4.1, 5,
6,7,8,9, 13, 16

J’ entrance to volume at station j, j=3, 7, 13

k index on flows into volume

L low-pressure spool

LT low-pressure turbine

M map

m index on flows out of volume

N nozzle

n net

OD fan tip region

out out of volume

X upstream side of shock

y downstream side of shock

Superscripts:

O sonic flow condition

) time derivative
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Appendix B

Derivation of Dynamic Energy Equation

For transient flow through a control volume V, the
first law of thermodynamics can be written in the
following dynamic form (ref. 18):

d . '
T = ; Win, kMin k — gn: Wout,mMout,m + Hin

P dv
7 @ B

All symbols are defined in appendix A. Equation (B1)
assumes k sources of flow into the control volume and m
flows discharging from the control volume. Heat Hj, is
being added to the fluid in the volume and work may be
done by the fluid. Taking the derivative of the product
Wu and noting that

du aTr

e e, (B2)

aw . ,

7 = ; Win,k— E Wout,m (B3)
m

yield the following equation:

daT . :
We, i ; Win, kfin, k — E Wout,mMout,m
m

—u(};wm,k—Ewom,m) (B4)

If we assume perfect mixing within the control volume
and a small temperature gradient across the control
volume, we can substitute 4 (the average enthalpy in the
volume, corresponding to temperature T) for each of the
hout,m- Doing this and noting that

RT
u—h—T (BS)

yield the following equation:

dT X . RT
@ [; win,khin,k_h;”’in,k'*' -

P av
J dt Wey B6)

Finally we can substitute y—1 for R/Jc, to obtain the
following form of the dynamic energy equation:

X (;Win,k_ Ewout,m) +Hip -
m

) P dv
dT_ [Ewin,k(hin,k_h)+Hin_T Et'] We,
a k

+(v- 1)T<}; Win, ke — Ewom,m) (B7)



Appendix C

Target Analog Program

Scaled Analog Equations

Ak S PVAL(3)DW13 dt’ + PVAL(1)
SFW13
Cn
Ti3 ' PVAL(2)DTQWI13
=GAIN(l dt’
S Ty ( )SO Wl3/SFWl3
+PVAL(4) (C2)
Py3 Wiz Tis
=10 PVAL(S 13 C3
S Py, © SFW13 SFT:: ©
W3 tl ’
— GAIN(2) S PVAL(8)DW3 dt’ + PVAL(6) (C4)
SFW3 0
T; " PVAL(7)DTQW3
=GAIN(Q2 dt’ +PVAL(9)
5 @) S W3/SFy, (
©5)
P 3 T3
C6
SFp, w, SFr, (C6)
W, t
=GAINQ) S PVAL(13)DW4 dt’ + PVAL(11)
SFW4 0
(e7))
Ty _ ' PVAL(12)DTQW4
SFr, GAING) S WilSEw,
+PVAL(14) (C8)

Py W4 T4
SFp4 =10 PVAL(lS) SF (C9)
Wai =GAIN(4) 5 PVAL(18)DW41 dt’
SFW“
+PVAL(16) (C10)
T4 " PVAL(17)DTQW41
=GAIN@4 dt’
SFT41 @ S Wa4.1/SFw,
+PVAL(19) (C11)
P, Wai1 T4
=10PVAL(Q20 : Cl12
SFPu ( )SF Wi, SFT4.| ( )
Ws t
=GAIN(S5) g PVAL(23)DW6 dt’ + PVAL(21)
SF Wy 0
(C13)
Tg " PVAL(22)DTQW6
=GAIN(S dt’
SFr, ) S We/SFy,
+PVAL(24) (C14)
Pg W6 T6
SFP6 =10 PVAL(ZS) SF (C15)
W5 t
=GAIN(6) S PVAL(28)DW7 dt’ + PVAL(26)
SF W, 0

(C16)
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Ty " PVAL(27)DTQW7

= dt’
SFT7 GAIN(6) 50 W,/SF w;
+PVAL(29) (C17)
Lit W, Ty
==— =10PVAL(30 — C18
SFp, ( )SFW7 SFr, (C18)

. t
We¢
=GAIN(10 S
(SFW6> 1o 0

"
LIET P13 ) _pvaL@?
< SFW.,) GAIN(9) So [PVAL(36) (SFP,3) (37)

’I
e =GAIN(7) S PVAL(31)DXNH dt’ + PVAL(32)
SFNH 0

(C19)

’

t
N =GAIN(8) g PVAL(33)DXNL dt’ + PVAL(34)
SFNL 0

(C20)
Pg
SFp,
N2 / -
W13 13 '
—PVAL(38) ( S ) (SF - ) dt’ + PVAL(35) (C21)
Pg P;
[PVAL(40) (SFP) _PVAL@1) < Fp,)
N2 /
—PVAL(42) ( S—‘Fv“- ) ( SFL;, > dt’ + PVAL(39) (C22)
We 6

Potentiometer Settings

PVAL(1) = Z13des
Wi

SFy,
PVAL(2)=PVAL(3) =

SF ,,SF,GAIN(I)

T13 des
PVALM4)= =—

SF Tis
R4SFyw, SFr,,

PVAL(S)= —rm—e—" 0V35F7.

_ W3 des
PVAL(@6)= W

FWz.z

SFw,SF,GAIN(2)

PVAL(7)=PVAL(8)=

_ T3 des
PVAL®9)= ﬁé?:;.

42

R4SF . SFr,
PVAL(10)= ——2_ -3
10V3SFp,

W42des
W,

PVAL(11)=

SFy,
PVAL(12)=PVAL(13) = g SF.OAING)
4

PVAL(14)= %“F@

T,

R,SFw SFr
PVAL(15)= ——2% 4
10V,SFp,

PVAL(16)= —:—Vg;-:vdes
4.1

FW4.1

PVALA7) =PVALU®) = o —r GAING)
4.1




PVAL(19)— Ta1des
SF Tyy

R4SF Wd.lSFT4-|

PVAL(20)= 10V, iSFp,,

PVALQ21)= VSV}S—:/“
6

Fivg

PVALRZ2)=PVALRY) = g sF GAING)
6

PVALQ4)= g}d“

R4SFy,SFT,

PVAL(S)= —5pgr—
6

W
PVAL(26)= #9
W5 '

Fiy.

SF ,SF,GAIN(6)

PVAL(27)=PVAL(28)=

PVAL(Q9)= e
T

R4SFy.SFr,

PVALGO)= 57—
7

900J SF g4, SFi,

PVALQGBD=
O™ L sr3, SF.GAING)

PVAL(32)= sg -des

900J SFpp SFy,
721 SF%, SF,GAIN(8)

PVAL(@33)=

PVAL(34)= %’;—d”
N

PVAL(35) = ¥13:des
SFy,,

(A /I)DchFPn
SFWBSF,GAIN(9)

PVAL(36)=

(A/I)DchFps

PVAL(37)= SFy,,,SF,GAIN(9)

PVAL(38)=

PVAL(39)=

PVAL(40)=

PVAL®41)=

PVAL42)=

PVAL@43)=

PVAL(44)=

PVAL(45)=

PVAL(46) = AE

PVAL@47)=

PVAL49)=

PVAL(50) =

PVAL(51)=

PVAL(52)=

PVAL(S3)=

(A/DpgcP13,des(P13des — Pé,des)SFing; V13

W23 4esRaT13,desSF w,,SF.GAIN(9)

W6,des
SFy,

A/ [)ABchFPo
SFy, SF/GAIN(10)

2v4 [)ABchFP7

SF,SF,GAIN(10)

(A/DABE P des(P6 des — P7,des)SFiw Ve
W%,desRA T esSF w SF/GAIN(10)

F,4

SF

WE,4

WE7
SF,

WE7

Ag
SF 4,

§F,,

ALT
AF,

M,

~ SFp,

—(CIVV = Bcyyy)
SFcivv

—(RCVV = Bgcvy)
SFrevv

Tam_
SFr,_

P2 des

—_—

P13,desSF(p,/Py)

_ Prodes

p 3,dt‘:sSF (P3/Py3)
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Analog Patching Diagrams
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Augmentor Duct Input and Output
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Appendix D
Target Digital Program

[

(t = UPDATE TIME FOR LOOP)

Flowchart of target digital program EXEC1

Source Listings

SLUEROHITIMHNE ETASE

GIMEMIICON #4550, SFOAD, Y450, ERRCYS

LOGICHL SEHSK

SCARLEL FREACTION PO, P2, PAZ, P22, FZ. P4, PAL FS, P, B TRE, T2, TAZ, T22.
TZ:, T4, Ta1, TE, T WAZ. WALE. MAZZ: WAZ, MGY, WG, WGS, WG, DHE, UHY41, ETRE,
ETHAE, FHET., =M BHH MES, WET B2, AE, ALT, B, CORL CWHL STV BOWY, FNML
JI 2R, JE2IT o, JECE, JAC2E0, JSCZE, Jadddd, IFTChs, JECo, JIes, Jia,
JAACAA s, JL20 3, JAZECAE

COMHOMSYRESAL T, @M TAM FLE SHL CIVY, P33 sRE ROV WARLE, T4E, TE, P4, T4,
Pal. MES Tad, Peo WGE, TéE B, TE AS, AEL, MET, P2, T2 T4, WRS, P22, J2. T22. T3,
WA, T4, WAZ, J5, MG I8, ETHE. PS, J¢ MGSL, DH4 . T2, DHS I, P, COMN, CWHL
JAG, FHM, WGT, J14, ETHARE, J12. FHET. J1=

IFT MOT, SEMTHCS Y RETURN

FEADCE, 4@@RM WO, I=1, 455

FERD O, BB CEFCI N, I=1, 45

AEE FORMATOSELS, S

Yllr=PE

=R

FTRR AT,

Ll B3 e
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WL = TR
Wl =T
WOEI=TAE
Wil4 =T
WS =T
WOLE =TS

?'Eﬁk“UH'
oA a=bALE

YRS r=REE

T‘~.;=MH3
; =pli54
i”5)=MG41

t'4C =” AL
“’41 =00
W2 =00
"T": o ;‘.\:.:__C Il“”“l
Y g d=—ROVY
YOS a=FHM
0O 168 I=1,45
18 YOIa=YoIlasSFCID
Yodda=tldd aed
Lo 28 I=1.45
IFCHCTN, BECL A W Th= 68801
28 ERRCTa=YCI A T2
THEE 446
418 FORMOATC
TYFE <429, CERRCT X, I=1, 453
428 FORMATSFLE 52
FETLERN
ErLe
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g
Pax ]
-
)

416

b
DY

[(X]
Y]

Py
'

fa
D]

o
W)

SUEROUTINE

DIMEMSION MY
SCCED, Toddd, IV, TE1C4h, 122040,

GIMEMSION I
SCHLED FRAC
k=1
JF=@

CATATHOMN, Fo
10, VAELSCES, WVYALSCZEY, 250040

TION Fodl> TEST

READCE, 4E3 H,HGV;NPT;NFCT,NCDM

FORMATCSI
IFOM. EQL Z-F
THC=NCWHNET
MoK =M

[ o R
MOE+2 3=,
MOE+Z2=H1ET
MR+ 2 =IOy
E=k+5
FEHD-r,41m-
FURMATCR
FEHDL:;I’F
FRERLCE, I 20N
Je=JF+1
JE=JF+HHCY
I=14

Do1/a J=J%5,

FoTa="Al.soIx

CHECE ZOMNSE
TFCT ME, J%0
I=1+1
JE=JF+1
JE=TF+MPT

ETLRM

tI SOOI, I=1, 230

S0, YR, (ZSCO1N, I=1, HECT
WALSE T 2, I=4, MDY

JF

R a1

CUTIVE WALUES OF v
TEST=FCJa-FoJ—142

l"

DO 2 L=, MY

IFCMCOM, B,
IF CMCOM. El'
HICOM=2
PEHDtr,I‘nn
I=1

Lo 29 JI=J%,
FoJa= ARLSC
CHECE COMSE
IFCT NE. J55
IFCL. EGL 4D
JMHPT=T-MHET
TEST=F(.J2~F
I=1+1

L1 28 MFE=1,
E0OT (e, o
FEADCE, 15710
GO TO 7a
EERDOS, 1222
GO T TR
FEALDCS, 122>
GO TO 7O
JFE=JF+TH
I=1

v =23 JI=J%,

--,_

By GO TO 14

IZFESY GOOTO 4G
WALSC LY, I=1, HFTD
JFE

) I g

CUTIVE “YALUES OF =
TEST=F{Jx~F<¢J-13
GO TO 26
CIMHET 2
MFCT

B85, 58, S8, NF
OYALSCT Y, I=4, MET S
CNVAILSCT 2, I= 1. MPETS

CMALSCTI Y I=1, MFT 2

JF

IZZ2045, T24445
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Y

FoIu=ALSC I ) A2S0CHF D
CCHECE COMSECUTIVE WALUES OF 2
IFCT ME. JS» TEST=FC(JI3—-F<J=13
IFCL. EfL 43 G0 TO 2@
JHMET=J=MHET
TEST=F¢.J 3 =F ¢ JMHET 3
I=1+1
IFCL, EQ MOWIGO TO S
JE=T5+MNET— THCHNFCT

o

Tl JF=JS+HRPT-1

[
o
)

50

EHL

SUBROUTIME FLZOMDOHT, WME, TR, PT. TT,
DIMEMSION RLCEY, H2OZ0, HEOED

SCALED FREACTIOMN HWic112, ¥Y10dds, W21l T
SCALED FRACTION HT, =Ma, BT, T, PS, TS, TTRS, PTUSZ, ETRIL,
COMMOMNS TS THLET

CATA MHL-2, 14, 1317, H2C%, 1, 16825 HESY, 1, 7

'S, TS

DRTA =1 A 806605, | 9SE8Es, | 1806465, | 1750E5, | 275aas,

1 525605, . 20005, | ThEEE%, |

DAETA Y1 S 7342085, | 224085,
1 . 124845, | 824525, | g52445, |

CRTAR = SooRRoEs, 114115,
1 TETTES, . BREESSS, | 3899295

DATR Y2 O 8099as, | aeatas, | BaS17E, | 821385, | a5E5X5,
1 414835, | SE2lds, | 3RERR5S

CAETH =X AEEEES, 111415, 0 222825, LS,
DATH Yz . B5149s5, | 121265, L EE4ELE,

Ta= THS-.
IFCTS .
IFCHT (LT,

FS=FLMNL ML H,

L
~

TTRS= | 2=
TREEZS=FUNL M, W2,
FTHS=
ETH1I= . 2
IFCINLET. ME. 12
IFCAME | LE.
wWhE=ENg-, 2
aSFP=FUNL MG
ETRI= . 2922325 —
TT= CTTRSHTSXAS 2
FT= CETRI#FTROSHFSMS
RETURH

EMD

| EEGBESH  HMEHHNE )
TTES)
TRIS. 255335

S0 TO 1448

o S (e Se |3|:| TC‘

SEZESL

1148

#FF

SUEROITINE FOQRCMN, WIN
SCALED FRACTION HIM. =
COMPIONAE R AL T
LOGICAL CL7
IF o EfL &l
R

GO TO 146
HRESLLCT, CLT, TERD

WECLED, HECT

[ R ]

TS
THE

LT FURL
» TEZED, WME, HPF

L SDE555. L GELERS,
452245, 0 SEEdass



CRLL RRSLLCT, LY. TERX
IFCCLTY Y RETURNM

CHLL RMCLLCF, . TRUE. o IER:
fr=H

= I

RETIIRMN

METTECL, S0 MMM, =
FORMATCSLZHFOMNCTION MO 12, 13H INPUT Ol OF REANGESEHSIN = 272
CARUL GCLLCT. . FRLSE. . TERD
FETINHN

EML

e
o
D

SCHLED FRACTION FUNCTION FURLOM, F, ST

SCALEL FEACTION FOLx, BHIM, Bi, ¥2, KFRAC, FUMHY

DIMEMNSION MIL2

IFOMCL> EQL 3y GO TO 299

I=HCED

R s ¢ R
183 mA=W1N-FCI2

IFCEL GT. . 85

IFC=L. EfL . 8%

IFCI.LE. 12

I=1-1

G0 T J___

OG0 T 114
OG0 TO 124
o TO 148

(] l|| |||

GOOTO 12
GO TO 1=

(5]
(5]

I= Ikl
IFCT. GE. HeFy GO TO 15
wl=nZ
ﬁn T 146
1z WFRERC=
I_Jl' T 1=
123 WFERAC=,
GEOOTO 1
148 SFRAC=
e I N 1
153 HFREAC=,
I=1-1
CRLL FOOR M, WIM
GO T 128
HFREAC=EL S OHL-H2
MHcZar=1
I=1+MEF
FUML=F {1 )4+ ¥FRACHCFCI+L0-FCI D
FETLUREM
ErL

oy
vy

£
K1)
)
-r

LS s SRR B '.j:l LSV
LX) A lu DS A R )
!

)
o
)
-"

[}

%%
il x5
han]

e
LA
DRI

I

SCALED FRACTION FURCTION FURLLCF?

SCRLES FRACTION FUHY, FUONLL, F, SIN

e IMO IS DUMMY ARGUMENT AHO DOES NOT RFFECT RESIL TS
M=#



FURLL=FLINLIMN, F, WIMND
FRETLREN
EML

SURROUTINE IMITARL
oo, MAF ARRAYS
CIMEMSTON MLOS, NECS, HEOSh, HECS, MSCS, HECS)
SCHLED FRACTION FL{Z22), F2OZE220, FZCB54 5, F40518), FSCZ240, FEC224)
SR OTHER VYARIABLES
SCALED FRACTION DCOAZS5H, DACI 24, PYAL LSO, FSET, ERR
CIMEHSION TARADECLIE, IGK18N, PRDECSZED
CIMEMSION EXTRACTES
COMMORSMAFS ML, HE, He N NS, e, FL F2, F2, Fd, FSL FE
COMMOMNASTHUATHLETAIDACACARCT ACOEF SUC, EXTRERSELEEDA/EEH, EEL, KEY
DHYA TEELLS 7183548,
o INITIALIZE RMALOG COMSOLE
CALL o=Cod, TER>
CAHLL o=Cdl, TIERD
CARLL RSCLECIERD
CHLL RSRUNCIER?
TY'FE Z06, CIBELL, I=1, 183
=80 FORMAT CLaAL )
TYFE 46@
4 FORMAT (O30 ZEHTURNM O CRARD READER. THEM TYFE RETURNM. #2
ACCERT Ses, J
oW FORMATOIZD

. . BREAD AR SCALE MAP DATH
CALD. DARTHIMNNL, F12
. RERD RIGITAL COEFFICIENTS

FEADCE, S1@xC0COI), I=1, 1250
S1E FORMATCCEM, DSOS, 2Xa a0
L., .. REEAD THLET AMD BELEED IMTEGERS
FEAMRGS, S22 IMNLET, KEH, EEBL, KBV
528 FORMATOCLE, 4CI7, 22X 20
WRITECS, 2162
318 FUREMATCLHL S
o FEAND IMIEGEATOR GAINM DATA AMD PRIMNT IMNSIRUCTIONS
0o 26 K=1,6
==
J=241
FEADCS, SEGIRADECT Y, TAARDRCT Y, TGCKD
LER FORMATCZIA
IFfIBfHZ.GE FHURITECE, S442IAARDREC T >, IRADREC.TD
548 FORMATOZX, 1ZHINTEGRATORS , IZ, SH AML L 12, ZZH MS INFUYYS SHOULD BE FA
1TCHED HIuH)
IFCCIGER . EQL ), OR, CIGCKY, ECL Z00MRITECE, S582 TAADRCT Y, TARARDRECTD
HEQ FHFNHT“““ 1ZHINTEGRARTORS , IZ, 5H AMD , IZ, Z4H F IMPUTS SHOULD BE PAT
TCHFED LoD
IFHADR=THADRCI >+
IFCCIGEK Y, ECL 2%, OR. CIGCKD, EQL SO OMRITECS, S8 IFRADR
HEE FORMATCZW, ASHFUNCTION RELAY » 12, 12H SHOULD BE SET HIGH?
26 CORTINUE
00 =8 K=v, 18
I=K+5
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RFADCE, 330> IARADRCI Y, IGCKD
IFC1IGCKY. GE. 3XURITECE, 5787 IARADRCID

570 FORMATC3IX, 11HINTEGRATOR , I3, 32H MS INPUT SHOULD BE PATCHED HIGH)D

2

Vi

-~

=4

b 15

i
]
[

a5

oL

o i

1

[a4]

467

C.o....

41

IFCCIGCKD. EGQL B). OR. C(IGCKD. EQ. 3 XURITECS, 58875 IRADRCI)

FORMATCZM, LAHINTEGREATOR L 12, Z8H F INFUT SHOULD BE PATCHED LOWD

IFRADR=TIAACRCT 244

IFCCIGORD, EGL 20, OR. CIGCKY, EQL SO OMRITE S, Sea) IFRADE
CONTIMNUE

WMREITECE, 3962

FORMATIZM, IIHRESET ALL OTHER FUNRCTION RELAYSA S
READ DAEM DATA AMD INITIALIZE DAMS

METTECS, S88)

FORMAT CZM, L8HDAM VYALLDESS)

RERAIE, D183 CORCICT N, I=1, 24D

CARLL RWEDASCORCT, 8, 24, IERD

CH L B2TDAR

MRITECS, D183 CDACTIC I Y, I=1, 242

TYFE Ze4, (IBELL, I=1, 183

TYFE 485

FORMAT CZH, seHEE SURE ALL FUMCTIOM RELAYS ARE SET FPROFPERLY
IVFING RETURM. &2

ACCERT 2G4, J

FEAD FOT DATAH, SET AMD CHECE POTS, AN PRINT RESULTS
REANCS, 218N

FORMATC IS

IFCH. LE. 28> GO TO =7

TYFE <4687

FORMAT O3, 2FHTOO MAMY POTS. LIMIT AT <4 O
A MONCUT

MEITECS, 2282

FORMATCIHL, &K, 4HADDRE, 44X, 4HCOEF, 43, ZHSET, 41, SHERRORA 2
O 43 I=1, M

FEADCS, Z83PADRCT Y, PVYALCIY
FORMAT CLH, Ak, 1, 550

CARLL GWESCPADRCT Y, PYALCI X, TERD

COMTINUE

CHN L RESPCCIERD

OO S8 I=1,H

CARILL ORASCPADRECT 2, PSET. TER?
ERR=SHESCPYALCT 2 ~FSET 2

IFCERE. GE. . 0BB25) GO TO 45

MRITEC =, at@FACECT D, PYALCT X, PSET
FOREMAT CEM, R, ZOEM, 2530

GO TO S5O

MEITEY S, 248 xFADRCI Y, FYALCI Y, PSET, ERR
CONTIMUE

TYFE Z66, CIBELL, I=1, 18>

IMITIALIZE QUT OF RAMNGE ROUTIMES

TYFE 418

FORMAT (/X ZRHIGHCRE FOLLOWING OUT OF RAMGE MESSRGES. »

CALL MOORIRS, | 8%, . 8%
CALL MOORCE, . @5, . a5)
CALLL FOORCSS, | G55
CARLL FOORCE, . 85)

CARILL QSICIIERDY

BEEFORE T
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TYFE 429
426 FORMATCAEW, SZHSET SEMSE SHMITCH F TO EMTER INFORM, THEM TYFE RETUEN
1. 0
ACCEFRT SB8, J
FETLRM
EMb

SUEROUTIMNE LEVELE
LOGICAL FES

... L L PULSE PES FOR MAFP OR FUMCTION QT OF RAMGE MESSAGE
CALL 2RSLLCS, PES, IERS

CoLL L DMty CALL TO MAP QUT OF BAMGE ROUTINE
IFCFESY CARLL MOORCE, . AS, . 855
CALL SRSLLCY. PES, IER?

oL DUMY CALL TO FURCTIOM OUT OF ERMNGE RO IHE
IFCRESY CALL FOORCHR, . 850
FETIIRM
E ML

SUBROUTINE LICF
Coo oAl VARIABLES
STALED FREACTION ALT, @ TAM, FLE, WML, STV P2 RHE ROV, WALZE, T2, T3,
1 F"’-".' T4; F"4'1.A L‘JF4I T41.a F'lf‘:;; l'-“:i":";; TE‘-; Fv, TT& Fﬂ:.:; HE; LI ¢
oL DARC VHRIAREBLES
SCALED FEACTION F2, TE, WI2 WAREZ, B4, MARZZ, DT, DTEWLE, Dz, DTLME, D
1 DTEM D, DTERL, Chds, DTS, T, OTEH S, Dt DEHH FHET
... MAF ARRAYS
DIMFMSTON MNLCS, MOS0, MECS NS, Mo Sa, HECS)
SCALED FREACTION FLOZZEN, F2UZZ20, FZO854 0, F4OSL2n, FSC224 s, FECZ24 0
oL, FURCTION AERAYS
CIMEMSTON HECZED
SCRLED FRACTION @0l Y7115, ¥7r2ddss
oL L OTHER WARRIARLES
SCALED FRACTION GCOL2Sh, MAF, MAFL, FUHY . FURT L, ALTH. =Seiked, FEARS TER PES
SCALEL FEACTION YZ, AR :H; ETHOFM, FEEOZM ETHIFM, FSHIF T, MAZ, P22, FRIF
SCALED FRACTION T2M, P2, CVE, GMZ, HEM, TRIFM, T22, Y4, MARZZM, E'TAHCH
SCALED FRACT IO IZSHIFT; HH.’.L FEOF, TROFM, TLEFP, TLERM, CRLZF, CVLZER
SCAEED FRACTION GMLZP, H1ZFM HLZF, T1EM, CRLZ, OWLE, GMLEL HU 3 HLE
SCALED FRACTION GMLZEM, TEM. CPZ, CVE, GMI HEM FGME, FGRTZ, MELHT. MELLT
SCALEL FRACTION MELOV, MAZ, HE, FRHAC, TAVHD, CRHC, CWHC, GMAC: HECH, TRHTML
SCALED FRACTION TZP. TEZPM, CPZEF, CVYEP, GMEF, HEPM HEF, GRZM. =55, 595, WEd
SCHRLED FRACTION HPd, MGS, TARVE. CFRES CVE, GHME, HEM, HE, FARSM, T4M CR4, OV
SCAHLED FEACTION GHM4, Harl, H, GMaM. ETRE, PS5, SS9, 98, WPl HP4 L, WG4, DHY
SCALED FRACTION FARSIM, THiM, SRS, WS, GMEL, Ha4M Ha L, G, DHsL. TEM
SCALED FRACTION FARSHM, CRE, CWS, GHNE, HEM HE, GPEM. PG, COML SV WGTH FRM
SCALED FRACTION WGY, TAWAE, CPAE, CVAE, GMAR, HABM, HAB, TFM, FRARTM, l"FT‘
SCRUED FRACTION CVE GHP, HPM, HY GV ETARAB, R T220, CR22. V22, GMIZ2
SCALED FRACTION HZZM, H2Z, FAOTY, TOR, UNUISEDCLS
DIMEMNZION EXTRACTS
COMMOHSMEES SN, H2, N N Mo MG, FL F2, FE FS. FS, Fe
COMMONS TR S THLET SCOEF LS, EXNTEARSBLEEL-EEH, KEL. KEN
COMMOHSYARRESHRE T, #5MEL TARM PLZE, S, STV P2 BN BOWYS WARLZE, TLZ. TZ. P4, T4,
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WONGOUAWMPE

PaL, WF4, T41, PS, WGE, TE, P7, T7, A8, AE, WF7, P2, TZ, X3, WARZ, X4, URRZ2,
DN13;DTUN13;DN?;DT@N3:0H4;DTQN4:DN41;DTQN4L;DHD;DTQNO;DNK;DTQN?;
DML, DRMH, ALTM, XMEHM, P2A, T2R, FBA, ¥32, WARZM. ETAOFM. P22G2M, ETATFM,
FSHIFT, LAZ, P22, PRIF, T2M, CP2, CV2, GMZ, HZM. TRIFM1 . T22, Y4, UARZ22M,
ETHHPN,CCHIFT;Hﬂ;_;PEOF'TROFﬂi;T13P4TiEPM-CPiBP:CViZP;GM43P;
HLIFM, H1ZP, TAZM CP13, CVA1Z, GM1 3, HA3ZM, H1Z3, GML3M, T3M, CP3, CV3, GMX,
HsM, FGMXZ, FGPT3, WEBLHT, MELLT, WBLOV, WA, H3, PRHC, TAYHC, CPHC, CVHC,
GMHC, HHCM. TRHCML, T3P, T3PM, CPIP, CV3P, GM3P, H2PM, H2P, GM3M. X5, ¥5, W4,
Hr4, LG4, TAYE, CFE, CVE, GMB, HEM, KR, FAR4M, T4M, CP4, CV'4, GM4, HAM, Hd
COMMOMAVARAGMAM. ETAE, PS, RS, Y6, WP44, HF41, WG4, DH4, FAR41M, T44M, CP4L,

1 CVY41, GM41, H41M, H41, GM41M, DH49, TEM. FAREM, CFE, CVE, GMS, HEM, HE, GMEM.
2 PG, CDN, CVYN. WG7M. FNM. LG?7, TAYAB, CPAF, CVAE, GMARK, HARIM. HARB, T7M, FRAR7M,
3 CP?, CV7, GM7, H7M, H?, GM¢M, ETARRE, H2, TZ2M, CP22, CV22, GM22, H22M, H22,

4 FOQAT?, TER, FHET, UNUSED

1

1

i

145

118

DATA N7A1, 1,157

DATA X¢ /. 85808S, . 24732S, . 48345S, . 421965, . 45522S, . 48823S, . 51127S,
. 54541S, . 57747S, . €1735S, . €6037S, . 727895, . 84377S, . 912388, . 258085/

DATA Y7L /.966185;.SbFies,.SSZEES;.9S2685;.958195:.951?25:.943695;
. 957@9S, . 955195, . 94864S, . 3318ES, . 887B7S, . £8484S, . 90EE1S, . 922565/

DRTA Y72 /. 978345, . 97834S, . 971845, . 974315, . 97727S, . 980225, . 9248ES,

. 98933S, . 99500S, . 99999S, . 939393S, . 95618S, . 5372S, . 96547S, . IveEBS/
COMPUTE FAM INLEY CONDITIONS AND FHH FEkFURNHNPE PHRHNETERG

CALL GREANSCALT, 8, 3, IERD

ALTM=DCCLO*ALT

RXMHM=DC 22 +KMN

CALL FLCOMICCALLTM, XMMML, TAM, P2A. T2A, FBA. TAR>

Fa={ SSFP2A>/DCIZ)

T2={. 5S*T2A> A LC(4>

CALL @L.TLASCIFZ, 8, TERD

CRILL QWIDASCTZ, 4, IRRD

CALL GREANS(P1Z, 3, 3, IERD

{3=kDC(=P\*F1;\’P2
3=(DL{SI XMl X ASSERTCTZY

NHRQN=NHP(N?,F3;X3,93)

ETHOFM=MAFL{F3D

FP22R2M=MAFL(F3>

ETAIFM=MAFL(F3D

IFCCIVY. LT, . B8S2CIVY=. B85

FCHIFT‘MHPkﬂi;F1;CIVV,?3)

WARZ=CUARREMK(, 5SS+, SSHFSHIFTY >/ 5S

CHLL guJbAS kYS,_;IER)

CALL GQLIDARSCHARZ, 3, TERD

HAZ=C(WARZ*P22 /(S SQPT(TO)*DC<J?)\

P22=(P22R2ZM+F22 /DL

FPRIF=C(DCCABIKFPZ20 /P2

T2M=0CCE2%T2

5 CALL PROCOMCTZM.. B85S, CP2, CV2, GM2, H2M)D

CALL TRATCL, PFRIF, GM2, TRIFMID
T22=CDCA1O>¥T2# (. 2S+DCCLITRIFML/ETAIFMY /. 25
COMPUTE COMPRFSSOR PERFORMANCE FARAMETERS

CALL GREARDESC(F3. &, 3, IERD

RKA={DCE2O*P3D/F22

Y4=C(DCCESIHHNHI ASSART(T22)
WARZZ2M=MAP (N4, F4, X4, ¥4)>

ETHHCM=MAFL(F4)>
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56

IFCREVY. LT. . BSORCNY=. B85

CSHIF [=MAP N2, F2, RCYY, Y4
NHRZ/—'UHFQEN*( SS+. SSHCSHIFTM )/, 55
CALL QMIDAS (X4, 4, TERD

CALL QUJIDASCHARZ2, 5, IERD
WAZZ2=WARZZ#F2Z2/5SART(TZ2) /LCCELY

COMFUTE DERIVATIVES AT STARATIOM 13
S CALL GREADSCMALS, 9, 2, TERD

DAL E=UARZ-DC LSk HARZ=-DC(SEI #WALR
FROF=(DCCSIHPLZ NP2

CALL TRAT(2, PROF, GM2, TROFML)

TAXP=C(DCC Y% T2# (. 2S+DCCQEI*TROFM SETROFMY D /. 25
TAZFM=DCCZ4 2+ TL3F

CALL FROCOMCTAIFM.. B85, CP13P, CV13P, GM13P, H1ZPMD
H1ZF=H1ZFM/DC 15>

T1EZM=DC{Z324TA

CALL PROCOMCTAIM, . 8S, CF132, CVAZ, GML3, HLZM)
H1iZ=H1ZMADC{15>

GMLiZM={GM1Z-. S5>/. 5S

DT S=CCUAZ-DC LS I+ UA22 ) (HIIP=H1Z) ) ACVYLZ+ T34 DIWLZ+#GMLZM
CALL QWJIDARSCDKWILZ, €, IERD

CALL GULIDASCDTAWLR, 7, IERD

COMPUTE BLEEDS AND COMBUSTOR AIRFLOW

CHLL SRBEARDSCTE, 11, 2, TERD

TEM=0CCLZ 4TS

CRLL PROCOMCTEM. . 8%, CFPZE, CWVE, GMZ, HIMD
FOMEI=y, SESTES—. SIS+ GME peGME+, ZEIZETE
FGPTE=, SSFGMaPIZS/SSRTOTED

IFCKEH. GT. @3 GO TO 140

MELHT=. 85

GO T 145

MELHT=FGPTZADCISEs

IFCKRL, GT. 83 G0 TO 15

MELLT=. @z

CTIO  R

MELLT=FGFTZ/DCI230

IFCEEY. 3T @» GO TO 158

WELOW=. 8%

GO TO 185

MELOV=FGRT 2 DO 1882
PAS=SSORTCFZH P E-Fa s E o 00 0md

CCOMPUTE DERIMATIVES AT STATION =

DlE=HAZE—. 2S+WUELHT-. 82S+HMRLLT -, 8825+l OV -DC 420 +HAz
HE=HaIMAZILT

FRHC=CICCLS 24P E0 P2

TAWVHC=DCCEZ 04 T22+4DCId 0T

CRLL PROCOMSTARYHEC, . 8%, CPHC, CVHC, GMHC, HHCMS

CALL TrRATZ, PEHC, GMHC, TRHCMLS

TEP=C0CCLs 4 T2, 2S4+DCCIZ VA TRHCMLAETHHTM Y 37 25
TEFM=DClLZ TR

CALL FROCIMCTIPM. . 8%, CREP, CVER, GMZF, HEFMD
HEF=HEIFMACOLT 2

GHMEM=CGME-, 552 55

DT i=HAZ 4 CHIP=HE 2 O E4+ T 2l R GMEN

cHRLL SI0A -'ClJ:;F:IEF“



O}

o

1o
DI
Dy I

=B85

]
1 WELHT+H2-DCC27H#DH4+ (WNG4+DC T LIRLH

CHRED STORS LTS, 2, TERD

CCOMPUTE HE TUREINF FERFORMANCE FRRAMETERS

CRLI. SREBADSCTE, 13, 2, TERD
HS=(UC£66)*F41)£P4

FIS=CCOET M ENNHDY S I"F‘T'L’.T-43'
MF4=MAF M5, FS, ?-."u h =

HEg=MAFLIFES

PiGd=C, SobPGeP bbb A0 TEeDO0ED s 2

CCOMPUTE DERIVATIVES AT STARTIOM 4

D=0 (2 0w UAZ- MG+ DO el g

TRVE=DC S5 4TEADCOSE 6Ty

CALL PROCOMCTAVE, . 8%, CRE, CVE, GMH, HEM>
HE=HaM+DC o225

FHREAM=DCC28 040G 2 SRS

TAM=DCCZL 24T

CALL PROCOMOTLSM, FARSM, CFd, OV, G, Ha
Ha=H4M+C 22

GMaf=dIGME-. 5507 55

ETAB=. 2322235

DTS = DO ET I HLAZEHR-HE 4 C DO 23 3 lHIHIC 44 1 eldF 4 3 40

NS T Db G MA M
CALL GIDHAS DN, 168, TERD
CHRLL GWIDRSCLTOMS, 41, TERD

CCOMPUTE LP TURRIMF PERFORMAMCE FREAMETERS

CALL GREADSCT4L, 16, 2, IERD
PS=FS/DCCPE)

ME=CDCCP4I#PS) /PdL

YE= LTSI HRNL Y ASSERTCTAL)

NE 41 =MAP (NS, FE, X5, YE)

HP41=MAPL CFE)

WG4 = (LIPS #F41rMNLD A CTAL4DCCTED )

COMPUTE DERIVATIVES AT STATIOM 4. 1

D41=DC (2@ #WUGH+DC T2 ) +UBLHT WG4
DH4a= CHP4+SSORT (T4 kWMNH) ADCCET )

CC2d v wETRR®LE 42

FARIM=C(FAR4M*. S5S)/ (. 5SS+, 59+, B4S+FAR4AMI #DCCPL ) +URLH /WG4 >

T4iM=0DC 282 +T41
CALL PROCOM{T41M, FAR4LM, CP44, CVW41, GM41, H41MD
Hel=Ha41M:+DC(23)

GM41M=CGMI1—- 5S>/ 55

DT = (NGE+HS ADC (252~ (DCLRB 2 #lGA+DC

CARLL GMJIDASCDM41, 12, TERD
CALL GWIDRSDTAM4L, 1%, IERD

COMPUTE DERIVATIVES AT STATION &

CARLL GREADSCWGE, 12, 2, TERD

DUE=DCC I3 #HALE-WNGES+DC G ) #WRLLT+HDC O 25 D #llGe L
DH41=iHP#i*SS&RT(T4i}*NHI)fDC(ES)
TaM=0M(Z8H+TS

FARREM=C(FARGLM*, 2550/ C. 255+ (. S5+, @454FARGIM I 4DC(IT i CMALZ+HDC(E
1 WELLTY A WG41L)

CALL PFﬁCﬂN\ToM,FHFrN CPS, CVE, GMES, HSM)
HE=HAMADC (R

GMEM=CGMS—, ”S)f =S

T22+UWPELHT pHA 1 +DC a8 a
122 ACY I+ T4 LD L RGM L

DTCE=CDC 3L #UALZ4HL - (DO CES M4 UALE+DC S8 2 kldRLL T+DC {25 3 biGa L D %

1 HE+DCCIZ04MNGHI#HAL+DC PP UBLLTH#H3I~DCCEZI )4 DHEI Lk (UG L+DCC TR I %

S
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e HBLIT)“/C 'S+ T ERDLIS+GMEM
CARLL GIDARSCDWS, 14, TERD
CHUE. G, TDFi WDTLE, 15, TERD

Co. . COMPUTE NOZZLE PERFORMAMNCE FARAMETERS
218 CRLL GREADSCPT, 20, S5, TERD
Fa=<. SS+FEARM ADCCSH
FECT F=DC 111 0%FasP e
CON=FLINLING, W7, FAOLTED
CWH=FUNIL CRT2
243 CALL MNOZZLCPE, P77, PAAT?, T7, AS, AE, COMN, TV, WIGTM. FRMD
FHET=FMM-xMHM+SSORTCTEA X +AZ2/DC 452
CALL UIDASCFNET, 26, TER?
MGY=CUWGYMeDCCE5M 0/ 55
c..... COMPUTE DERIVATIVES AT STAHTION ¢
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225
S0

DUF=0C 4204 UlGE-WGT+DCCSS 2 4UWE
TAYHRE=DC(SI2:TS+DCI2E 24T

CALL FPROCOMOTAVAR, FRESM. CHRAR, CVYAF, GMAR, HREMD
HAB=HREM+DCCS2)

TeM=0C{S510+T7
FARTM=FARREM+(DCCSHI 4. B4SH+FHRESM+. S5 eelblF 70 A
CALI. FROCOMCTTM, FARTM, CF7, CY, GMe, HAMD
HP=H"M4+DC (52>
GN(N=\PM?—.¢S)X S
IFCFARTM. GT. . )
ETHHH—&\.BLZZOJ .
GO TOo 238
ETAARB=C( (. 754315~

=)
2 hD T 225
S

+ ¢ O R GMTE

CRLL SICASOE, 4n, TERD

CALL WIDASCLTONT, 47, IER?
CCOMENTE SPFEED CERIVATIVES

HZ=HZMADCCT

TZEM=0C LS T2

CALL FPROCOMOTZEZM, . 8%, CP2E, CWE2. GME2. HEEMD
Ha2=HZZMA AT e s

iQS#FHR?M)*FHR?N+.299485)/.
[THH.—'D1'44*4HGF+HHB —H7# (SO Xk GEADC DD p bl
1 ETHRAR S

#WGE

S)
SB42S4FARVM I %F ARFM+. 2550/, 55

5<

e+ ST r bl T

DML =1¢, SSDHG L SRSl DT CF R ol BLLT » A SR E 0 = CUAZ DD O L2 e R 22 b
1 DO A0 D—RZ 2 ;;—DF611'+H_ R I S 0
[eeMH=« SS*DH4*(HG4+DCi?ﬁ;¢ubLH|;.JLLj4;—uH;2*cH,F e K N B

1 H2Z 0T 2 A

CHLL SLIDAS L, 13, TERD
CARLL GHRLTDA=CDENH, 120 1ERD
FEETURN

EHLs

SCALED FRACTION FUMNCTION MAPCM, F, XIMN, YIN2

HLZF~

SCALED FRACTION F 13, WIMN, YIMN, YIMCR, BWHI, WLO, “FRAC, ZL, 2R, Y1, Y2, MAF

DIMENSTION MJIL>
IFCMCL>. EGL 82 GO TO 464
I=MNC2D

J=HCZED

HRP=tC 4D

HYC=MNCSD



MEROL=NYCHENXP
1A8 Yi=YIN-FOJD
IFCYL. GT. . @S> GO TO 116
IFCYL, ECG. . BSY> GO TQ 128
IFCI LE. 4 GO TO 146
J=J-1
GO TO 166
116 Ya=YIN-FJ{J+10
IFCYZ. LT. . BS>» GO TO 188
IFCY2. EQL . BS)> GO TO 138
J=J+1
IFCJ. GE. NYCY> GO TO 158
Y1i=Y2
GO TO 114
YINMOR=. G5
GO TO 199
YINCR= 993335
GO TO 124
144G YINCR=. 85
GO TO 1c@
158 YIMNCR= 22932
J=J-1
156 CALL MOORCH, XIMN, YIND
GO 10 158
128 YINCRE=Y1i/{Y1-Y2)
136 KA=J4NRP+NYC+]
LX=KR=-M=xP
208 KLO=SF LXK I +HYINCRAFKRI=F LKD)
IFCRIN. GY. ¥LO> GO TO 218
IFCATIN. EQL XLO> GO0 TU 220
IFCILLE. 1> GO TO 248
I=I-1
LA=LX-1
Kx=KRh-1
G0 TO 2806
2148 XHI=F(LX+1I+YTHOR* (F (RR+LI=F (LX+41>>
IF(XKIMN LT. XHI> GO TO 226
IFCKIN. EQ. XHI> GO TO 238
I=I+1
IFCI. GE. MXP)> GO TO 258
LX=LX+1
KX=KX+1
XLO=KHI
GO 10 2183
2720 XKFRAC=. 85

-
o
Q

b

n

GOOTD 25
i NFRAC= 2
I=1-1
<o CRLL MOCE M XTH. Y IND
GOTO 28
SEE HWFRAC=CHIN=-HLO X S CHHT=RKLO)



a9 MOEr=J
He=a=1
L= sE+HERM

=L+

MAP=2L+sFRACH(EH=-2Z0L 2
FETLENM

43 LZ=LI+MFROD
EE=LT+MHEF
GO TO 258
EML:

SCHLED FRACTION FLMCTION MRFLCF D

SOALEL FRACTION MAF. MAFL. F, ATHL Y IN

DI AMD YYIN ARE DY ARGUMENMITS BN O MO AFFECT RESULTS
H=£

MAL=MAF M Fo 3 TH YIS

FETURM

EMLs

SLEROUTIMNE MOCRCMN, W1M, YT
SCALED FRACTION SIMN, YIM, H. %
COM oA AP ARL AL W, Y
LOGICAL CL=

IFCH EQL @d G0 TO 460

CRLL ORSLL O, CLS, TERD

CHLL GRSELOS, CLS, TERS
IFCCLEY RETUREN

CHLL SWCLL YR, . TRUE. » TER®
=N

w=eTH

W=Y1IM

FETLIEM

.,.
ha]
==
Do)

1 WETTECL, @3N Y
S4E@ FORMAT CAFHMAR MO, T2, 26H IMPUTS Ol OF RAMGESSHETH = 57,

1 2H YIM = , 572

CHLL Lo FALSE. , IERY
FE RN

EHL

SUBROUTINE NOZZLCFG, P7, FBRTY, T7, A7, AS, CD7. CVE, W/, FE)

DIMFHSION MNLC(3, NP3, NC(3D "

SCALED FRACTION X1 <153, Y1152, KAA5), Y21 ¢45), ¥22¢15), K3¢15),

1 Y3115, Y32K45), ¥33 (15>

SCALED FRACTION F@, P7, FBAT?, T7, A7, AS, CD7, CVE, W7, F&

SCALED FRACTION XF, ASQ7, FEOT, ATXX, PTOL, AEGTXX, X¥MX, XMH. POYAX, PYaX,
1 POYROX, PYQT, PE, XSHF T, VE, FUNL, FUNLL, DCC425)>

coMMO ACOEF/ DC

DATA H1/€, 4,15/, N2/7, 1, 15/, N3/8, 1,15/

DATA K1 /. 580608S, . SB83SS, . SO155S, . 586455, . 51185S, . 522565, . 524855,



)

1 . 547155, . SEVSES, . 524165, . £43I268S, . TOBIGS, . TIG3I0S, . F114355,
DATA Y1 /. 528285, . 546915, . SESTES, . 684125, | £20885, | 8538585,
4 . TZBAOZS,. TSIA3S, . 78400S, . 825535, . 853585, . 350855, . 223125, .
CATA %2 /. 522286, . S4621S, . SE57SS, . 66412%, . £3868%, . S&3835,
1 . 72B9ZS,. TS283S, . 7E406S, . £2583S, | 558585, . Z8EE5S, | 32315, .
LATH Y24 /. SE8ERS, . 45746S, . 474625, . 443518, | 428705, | 483385, .
4 | IES89%, . IYLETS, . Z1TIHES, | 282465, 251928, 231285, . 184165, .
DATA Y22 /. Sa8868S, . SaEISS, . Se1555, . 565455, 511258, | 521508, .
1 . S4715S, . SETESES, . 594105, . 643265, . 7E09ES5, . T35S, . 11455, .
DATH X3 /. S9068S5, . S8%35S, . Sas7as, . 515265, . 523355, . 53215S, .
1 . S57455, . SEE16S, . SAS7LS, . S45165, . 715565, . 77vE8S, . 85e8as,
DATA Y31 /. 260665, . 2206aS, . 2306aS, . 240865, . 25pans, . 25084S, .
1 . 226085, . 366685, . 31668S, . ITEEsS, | ICaeas, . I80agS, . 4188aS, .
DATH Y32 /. S2S285, . 46835S, . 43983S, . 412385, . 326685, . 366225, .
1 . 31424S, . 27246S, . 253I2BS, . Z1839S, . 17404S, . 149245, . 118225, .

DARTA Y32 /. SE@ALSS, . SY9155, . 597TERS, . &1

S@09as, . SHHSES, |
1 . 549955, . 682305, . 87 . F2728S, . . ¥93855, .
xF=. 85
#ahCALC ARER RATIO
ASHe = D118 * RESART
FEQFUNL ML, K1, REQ7 )
b SIUATONIC FLOW
e =f7
I CPEQT? LT, PEQFY GO TO 16
WME=FLURY CH2, 22 PBRTED
PTOL = SABSCPaR1? - FER?D
IFCIION., LE | aBass> GO TO 166
AR T HM=FUNIL C620
FIThY = ASVAERTARR
G 1o 160
##4SUPERSOMIC FLOW AND SONIC FLOW FOR COMY-ONLY MOZZLE
161 IF <¢ASGT .LE. ©.5%) GO TO 36
AMH=FLUML (NS, K3, AZGT )
FEMT=FUNLL (X322

TEa8Ys,

POYAX = CHMNACRMEA, 722175-. B795853 /7. 453+, 882565
PYaX = (XMMERCHMES, S5@1450 /. 455, B1E575
POYROR = CRMH+C—RMMS. STE0ES+8. 4816353/ 25)+0, 836255

FYET = CPYEX & POYAON) APOYEX
IF <(FBAT? . GT. PYETY GO TO 48
KMM=FUNLL (X3)
+REGLIME V
2@ FE = F7 * FEG7 / DCCLLL)
XF = (A (PE-FBY2#DCCL112)
GO TO 168
st MME o= BLSS
S0 TO =H
#REGIME 111
I ¢ SRESCAZHT -
WMu= | ZES2S5 4+
MIHF L =
IF CAE

15! sEEd5Ly L LE. | 8Beshel GO To 54
gy

CPEETT#E (-, 4LZN4Ss + | ATILES #

5
:
]

AT, LSSy HEHET = L S1TS5SS 4+ ADAT CRCRSEY
1+ = ES O -, FAZGZS 00 S 2DE

IF CHS . LT. WOHET = - SETETESHASHT I+ F131AS
=M THET

(T 0 S S I 15

Lzl

827885, .

T e

g g T
=, 125755

o995’
S95@7 S,
936115/
S25E7S,
236115/
28472S,
155225/
5x4@5S,
Sagaas/
S4450S,

. 3999395/

Z27asss.,
429425/
33697S,

[A93955S/

. 633088S,

858355/

61



62

s
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15
n

8y

1

o
]

,_ .
U
=

|_‘|-:~

,..

[x)
=

D

I
x|

X
-

T
-
XX

15}

W7 = CATH

1o [ b

RSN

éff‘”“
A E L
'-'l’;

.rHHrﬁw+'FHHTF+-x— H14BET 0+, LTITEIHFAETE Y 0 45
ICITY, FLOM, ANL THREUST CALCULATIONS
xwa-uFT TPIHCVEADEI112)

+FT 0 * CO7 ¢ DCOLLS)

ihn
I ﬁ
- %

F& Y
FETIREM
EHL

SUBRMUTINE PROCOMCT, FRA. CF. GV, GRM, HY

SCALFD FRACTION T, FA, CF. OV, GAM H, CEAL HAL AR B, TO, CFF, HF
IFCT. GE. . 458865 GO TO S

IFeT. GE. . 2 GOOTO 48

CRR=. 42055 $E45-T/. 3B2465)uT

HEt=. & iS4, LAETSSHT T

‘T‘
I
n
oL

I

]

]

DU

X
'ﬁ;PiﬁUwHu:UwH(D

-

*

= N o
|

[ N

= BT
Th=. TE
CRF= 3 + EATEESHTOO T
HE == & +. IBESSHT 4T

HF#FH'ff.EUEB' : SLAAR
#CPF#F RO SRE00S+. SC4BaT

"l "] (1] |_||
"l ||| +

|"\ -
ll‘]

EE|UhN
Bt

SUERCOUTINE TRAT M, PRC, GAM, TR

DIMEMSION MNLCED, H2VZ0, HECE)

SCARLED FREACTION GHH TP FPCJSJCJTPP'HifES
DATA MLAS5 1. 250750
CAHTH =L K.wabci;."'

FaNLCES Y, FUNL

CAASETLL L ASRETE
L AEEEES, | dERET
.PI:I:S,.ESSE
DARTAR Y1~ ooad 5 e . B -t
ClEgss, : . 2458 L4142
472315, R L TG

O 3R 230 N
[N |

SRR

h

ToETES
(=t D e RN

IFCGAM, GE. |
IFCFRO. GE. | 3
ST, SESEES+. 77
GioTO Tﬁﬁ

S=. BSOS+ ZEESASHPRO-. BEOQGSHFRCHFRN
GO T “ﬁﬁ
IFCFRN GE. .
S=. 452115+,

|'_T‘| N

A RCHFRC

L
~

[ S SRS
IDRDED]

~

()]

}l

LY
-

~

-




S0 TO 515]

ISt S=.ES“1‘= FATLATEPRC-, 1831354
TEE C=00 STSEDT-GAM eSS A25aEs
IFCH Ht.l; GoTo Tcﬁ
TRO=FUMRL ML, WL FRO
GO T 2ac
ThEOIFOM. ME. 2 G0 T EBU
TEC=FUNLCHZ, @, PR
S0 10 2
o TRO=FUMLOME, #1, PR
RA TR=COTRCHO SEEEES—, Lag@EaS+0 i
FETIRH
EM

Fortran Symbols

BTASK. — All
otherwise noted.
AE
ALT
A8
CDN
CIvVvV
CVN
DH4
DH41
ERR(R)

ETAAB
ETAB
FNET
FNM

JI(k)

PI
RCVV

SF(k)

TAM
TI
WAI
WF4
WF7
WGI

variables are scaled fractions unless

exhaust nozzle exit area

altitude

exhaust nozzle throat area

exhaust nozzle flow coefficient

fan variable-geometry parameter

exhaust nozzle velocity coefficient

high-pressure-turbine enthalpy drop

low-pressure-turbine enthalpy drop

error ratio array of the ratios of the
individual elements of the Y array to
the corresponding element in the X
array, k=1 to 45

augmentor efficiency

combustor efficiency

net thrust

gross thrust

integer index

dummy arrays to fill in VARS common

block locations not used in BTASK,
I=1t0 13

total pressure at station I

compressor
parameter

variable-geometry

scale factor array for selected engine
variables, corresponds to X array,
k=1to 45

sea-level ambient temperature
total temperature at station I
airflow rate leaving station I
combustor fuel flow rate
augmentor fuel flow rate

gas flow rate leaving station I

FRCHFRD

X(k)

XMN
XNH
XNL
Y(k)

DATAIN
F(k)

|
INC
ISC(k)

IX(k)
IY(k)
1Z1(k)
1Z2(k)
1Z3(k)
1Z4(k)

J

JF
JMNPT
JS

K

L.

array of the desired (actual) value of
operating point data for selected
engine variables, k=1 to 45

Mach number
high-spool rotor speed
low-spool rotor speed

array of the calculated value of oper-
ating point data for selected engine
variables, k=1 to 45

map data array (scaled fraction), k
determined by calling program

integer index
number of points defining map (integer)

map scale factor format array (alpha-
numeric), k=1to 4

map X input data format array (alpha-
numeric), k=1 to 4

map Y input data format array (alpha-
numeric), k=1 to 4

map Z1 output data format array
(alphanumeric), k=1to 4

map Z2 output data format array
(alphanumeric), k=1 to 4

map Z3 output data format array
(alphanumeric), k=1to 4

map Z4 output data format array
(alphanumeric), k=1 to 4

integer index
integer index
integer index
integer index
integer index
integer index

63



M
N(k)

NCOM

NCV
NFCT
NF
NPT
TEST

VALS(K)
XSC
XVALS(k)
YSC

ZSC(k)

map number (integer)
map integer array, k& determined by
calling program

integer indicating rectilinear map data
(nonzero for rectilinear map data)

number of curves defining map

number of functions in map

integer index

number of points per curve

map data increment used for detecting
overflows (scaled fraction)

array used to store unscaled Y and Z,
map data (floating point), k=1 to 25

map scale factor for X input vari-
able (floating point)

array used to store unscaled X map
data (floating point), k=1 to 25

map scale factor for Y input vari-
able (floating point)

map scale factor for Z; output vari-
ables (floating point), k=1 to 4

FLCOND. — All variables are scaled fractions unless
otherwise specified.

ETAI
HT
INLET
N1(k)

N2(k)
N3(k)

PS
PT
PTQS
TAS
TR35
TS
TTQS
TT
XMO
XMP
XPP
X1(k)
X2(K)

X3(k)

inlet efficiency

altitude

inlet configuration option (integer)

ambient pressure function integer
array, K=1to 3

(To/ Te)™ 1= 1) function array integer
array, k=1to 3

(Mop—1)1.35 function integer array,
k=1to3

ambient pressure

fan inlet total pressure

isentropic inlet pressure ratio

sea-level ambient pressure

(T»/ TO)'n/ (v—1)

ambient pressure

inlet temperature ratio

fan inlet total temperature

Mach number

supersonic Mach number minus 1

(My—1)1.35

altitude data array, k=1to 11

inlet temperature ratio data array,
k=1to 10

Mach-number-minus-1 data array,
k=1to7

YI(k)

Y2(k)
Y3(k)

ambient pressure data array, k=1
to 11

(To/ T~ D data array, k=1 to 10
(Mp—1)1.35 data array, k=1to 7

FUN1/FUNIL/FOOR. — All variables are scaled
fractions unless otherwise specified.

F(k)

FUNI/FUNIL
I
MN

N(k)

NXP

XFRAC

XIN
X1

X2

INITAL

C(k)
DACI(k)

DC(k)
ERR
F1(k)

F2(k)

F3(k)
F4(k)
F5(k)
F6(k)

I ,
IAADR(k)

function data array, k determined by
calling program

function output

X variable search index (integer)

saved function number for out-of-
range message (integer)

function integer array, k& determined
by calling program

number of points defining function
(integer)

saved value of XIN for out-of-range
message

fraction of X1-X2 interval covered by
XIN

X input

difference between XIN and Ith value
of X

difference between XIN and (J+ 1)th
value of X

correction factor array, k=1 to 50
DAC initial condition array (scaled
fraction), k=1 to 24

corrected digital coefficient
(scaled fraction), k=1 to 125

potentiometer setting error (scaled
fraction) '

fan variable-geometry-effects map
data array (scaled fraction), k=1 to 322

compressor variable-geometry-effects
map data array (scaled fraction),
k=110 322

fan map data array (scaled fraction),
k=1to 854

compressor map data array (scaled
fraction), k=1 to 518

high-pressure-turbine map data array
(scaled fraction), k=1 to 224

low-pressure-turbine map data array
(scaled fraction), k=1 to 224

integer index

integrator address array (integer),
k=1to 16

array



IBELL
IER

IFRADR
IG(k)
INLET

J

K
KBH

KBL

KBV
N1(k)

N2(k)
N3(k)
N4(k)
N5(k)
N6(k)
PADR(K)
PSET
PVAL(K)
XC(k)
YC(k)

ZC(k)

LEVELS
IER

PB5

terminal bell integer

hybrid linkage routine error flag
(integer)

function relay address (integer)

integrator gain integer array, k=1 to 10

inlet configuration option (integer)

integer index

integer index

high-pressure-turbine bleed flow indi-
cator (integer)

low-pressure-turbine bleed flow indi-
cator (integer)

overboard bleed flow indicator (integer)

fan variable-geometry-effects map
integer array, k=1t0 5

compressor variable-geometry-effects
map integer array, k=11to 5

fan map integer array, k=1to 5

compressor map integer array, k=1to 5

high-pressure-turbine map integer
array, k=1to 5

low-pressure-turbine map
array, k=1to 5

potentiometer address array (alpha-
numeric), k=1 to 53

actual potentiometer setting (scaled
fraction)

calculated potentiometer
(scaled fraction), k=1 to 53

map scale factor array for X input
variables, k=1to 6

map scale factor array for Y input
variables, k=1to 6

map scale factor array for Z output
variables, k=1 to 12

integer

setting

hybrid linkage
(integer)
user-set pushbutton number 5 (logical)

routine error flag

LOOP. — All variables are scaled fractions unless

otherwise noted.
AE

ALT

ALTM

A8

CC(k)

CDN

exhaust nozzle exit area
altitude
FLCOND-rescaled altitude
exhaust nozzle throat area

correction factor array (floating point),
k=1to 50

exhaust nozzle flow coefficient

CIVvV
CPAB

CPB
CPHC
CPI
CSHIFT
CVAB

CVB

CVHC

CVN
CVI

DACI(k)
DC(k)

DH4
DH41
DTQWI

DXNH
DXNL
DWI
ETAAB
ETAB
ETAHCM
ETAIFM
ETAOFM

FARIM
FGM3

FGPT3

FNET
FSHIFT

F1(k)
F2(k)

F3(K)
F4(k)

fan variable-geometry parameter
average specific heat at constant pres-
sure in augmentor

average specific heat at constant pres-
sure in combustor

average specific heat at constant pres-
sure in compressor

specific heat at constant pressure at
station I

compressor variable-geometry effect
on corrected flow

average specific heat at constant vol-
ume in augmentor

average specific heat at constant vol-
ume in combustor

average specific heat at constant vol-
ume in compressor

exhaust nozzle velocity coefficient

specific heat at constant volume at
station I

DAC initial condition array, k=1 to 24

corrected digital
k=1to 125

high-pressure-turbine enthalpy drop
low-pressure-turbine enthalpy drop

specific temperature derivative at sta-
tion I

high-rotor-speed derivative
low-rotor-speed derivative

stored mass derivative at station I
augmentor efficiency

combustor efficiency

compressor efficiency

fan inside-diameter efficiency

fan outside-diameter efficiency

coefficient array,

fuel-air ratio at station I
function of specific heat ratio at sta-
tion 3

compressor
parameter

net thrust

fan variable-geometry effect on cor-
rected flow

fan variable-geometry-effects map
data array, k=1 to 322

compressor variable-geometry-effects
map data array, k=1 to 322

fan map data array, k=1 to 854

compressor map data array, k=1to0 518

discharge bleed flow
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F5(k)
Fé6(k)

GMAB
GMB
GMHC

GMI
GMIM
HA

HABM

HB
HBM

HHCM
HP4
HP41

HI
HIM

IER

INLET
KBH

KBL

KBV
N1()

N2(k)

N3(k)
N4(k)

NS5(k)
N6(k)
N7(k)
PRHC

PRIF
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high-pressure-turbine map data array,
k=1to 224

low-pressure-turbine map data array,
k=1to 224

average specific heat ratio in augmentor

average specific heat ratio in combustor

average specific heat ratio in
compressor

specific heat ratio at statio/n I

specific heat ratio minus 1 at station I
average specific enthalpy in
augmentor

PROCOM-rescaled augmentor specific
enthalpy

average specific enthalpy in combustor

PROCOM:-rescaled combustor specific
enthalpy

PROCOM-rescaled compressor specific
enthalpy

high-pressure-turbine enthalpy drop
parameter

low-pressure-turbine enthalpy drop
parameter

specific enthalpy at station I

PROCOM-rescaled specific enthalpy at
station 1

hybrid linkage routine error flag
(integer)

inlet configuration option (integer)

high-pressure-turbine bleed flow
indicator (integer)

low-pressure-turbine bleed flow
indicator (integer)

overboard bleed flow indicator (integer)

fan variable-geometry effects map
integer array, k=1to §

compressor variable-geometry-effects
map integer array, k=1to 5

fan map integer array, k=1to0 5

compressor map integer array, k=1 to
5

high-pressure-turbine map integer
array, k=1to 5

low-pressure-turbine map integer
array, k=1to 5

nozzle functions integer array, k=1 to
3

TRAT-rescaled compressor pressure
ratio

TRAT-rescaled fan inside-diameter
pressure ratio

PROF

PI
POA
POQT7
P2A

P22Q2M
RCVV

TAM
TAVAB

TAVB
TAVHC

TRHCM1
TRIFMI

TROFM1
TOA

TI
TIM

T2A

WAR2
WAR2M
WAR22
WAI
WBLHT

WBLLT

WBLOV
WF4
WF7
WGI
WGT™M

WP4
WP41
XC(k)

XMN
XMNM
XNH

TRAT-rescaled fan outside-diameter
pressure ratio

total pressure at station I
FLCOND-rescaled ambient pressure
exhaust nozzle pressure ratio

FLCOND-rescaled fan inlet total
pressure

fan inside-diameter pressure ratio

compressor variable-geometry
parameter

sea-level ambient temperature

average total temperature in
augmentor

average total temperature in
combustor

average total temperature in
compressor
compressor temperature rise parameter

fan inside-diameter temperature rise
parameter

fan outside-diameter temperature rise
parameter

FLCOND-rescaled ambient tem-
perature

total temperature at station I

PROCOM-rescaled total temperature
at station I

FLCOND-rescaled fan inlet total
temperature

fan corrected flow rate

nominal fan corrected flow rate

compressor corrected flow rate

airflow rate leaving station I

high-pressure-turbine cooling bleed
flow rate

low-pressure-turbine cooling bleed
flow rate

overboard bleed flow rate

combustor fuel flow rate

augmentor fuel flow rate

gas flow rate leaving station I

NOZZL-rescaled exhaust nozzle flow
rate

high-pressure-turbine flow parameter

low-pressure-turbine flow parameter

map scale factor array for X input
variables (floating point), k=1to 6

Mach number

FLCOND-rescaled Mach number

high-spool rotor speed



XNL
XIX
YC(k)

YI
Y71(k)

Y72(k)

ZC(k)

low-spool rotor speed
input for map number I

map scale factor array for Y input
variables (floating point), k=1to 6

Y input for map number I

exhaust nozzle flow coefficient
function data array, k=1 to 15

exhaust nozzle velocity coefficient
function data array, k=1 to 15

map scale factor array for Z output
variables (floating point), k=1 to 12

MAP/MAPL/MOOR. — All variables are scaled
fractions unless otherwise specified.

F(k)

I
J
KX

KZ
LZ

MAP/MAPL
MN

N()

NPROD
NXP
NYC

X

XFRAC
XHI

XIN
XLO

Yl
Y2

YIN
YINCR

ZH

map data array, k determined by
calling program

X variable search index (integer)

Y variable search index (integer)

map data array index corresponding to
X (I, J+ 1)(integer)

map data array index corresponding to
Z (I, J+ 1)(integer)

map data array index corresponding to
Z (1, J)(integer)

map output

saved map number for out-of-range
message (integer)

map integer array, k determined by
calling program

number of points defining map

number of points per curve (integer)

number of curves in map (integer)

saved value of XIN for out-of-range
message

fraction of XHI-XLO interval
covered by XIN

(I+1)th breakpoint on interpolated
YIN curve

X input

Ith breakpoint on interpolated YIN
curve

saved value of YIN for out-of-range
message

difference between YIN and Jith value
of Y in map

difference between YIN and (J+ 1)th
value of Y in map

y input _

fraction on Y(J+1)-Y(J) interval
covered by YIN

map output at XHI,YIN

ZL

MAP output at XLO,YIN

NOZZL. - All variables are scaled fractions unless
otherwise specified.

AEQTXX
ATXX

A7
A8
A8Q7
CD7
CV8
DC(k)

F8
N1(k)

N2(k)

N3k)

PE
PEQ7
PTOL

PYQT

PYQX
PO
POQT7
POYQX

POYQOX
T7

VE

W7

XF

XMN
XMX
XSHFT

X1(k)
X2(k)

X3(k)

ratio of exit area to area at which sonic
flow is reached

reduced throat area that results in sonic
flow

throat area

exit area
expansion ratio
flow coefficient
velocity coefficient

corrected digital coefficient, k=1 to
125

gross thrust

critical pressure ratio function integer
array, k=1to 3

subsonic functions integer array, k=1
to3

supersonic functions integer array,
k=1to3

exit plane pressure
critical pressure ratio

difference between computed exit
plane pressure and ambient pressure
for subconic exit flow

pressure ratio at which shock is in exit
plane

static pressure ratio across shock

ambient pressure

ambient to total pressure ratio

total to static pressure ratio across
shock

total pressure ratio across shock

inlet total temperature

exit velocity

mass flow rate

pressure-area term in gross thrust
equation

Mach number upstream of shock

dimensionless velocity

area ratio shift on dimensionless
velocity—pressure ratio fit

subsonic flow area ratio data array,
k=1to 15

subsonic flow pressure ratio data
array, k=1to 15

supersonic flow area ratio data array,
k=1to 15
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Y1(k)
Y21(k)
Y22(k)

Y31(k)
Y33(k)

critical pressure ratio data array, k=1
to 15

subsonic dimensionless velocity data
array, k=1to 15

AEQTXX data array, k=1 to 15
XMN data array, k=1 to 15

supersonic dimensionless velocity data
array, k=1to 15

PROCOM. — All variables are scaled fractions.

AMW
CP
CPA
CPF

Cv
FA
GAM
H
HA
HF

R
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molecular weight

specific heat at constant pressure

specific heat at constant pressure of air

specific heat at constant pressure of
fuel

specific heat at constant volume

fuel-air ratio

specific heat ratio

specific enthalpy

specific enthalpy of air

specific enthalpy of fuel

gas constant

T
TD

total temperature
3500° R minus T

TRAT. - All variables are scaled fractions unless
otherwise specified.

C

GAM

N1(k)
N2(k)
N3(k)

PRC

TR
TRC
X1(k)

Y1(k)

variable specific heat ratio effect on
(AT/T)iq

average component specific heat ratio
component identifying integer, N=1
to3

fan inside-diameter function integer
array, k=1to 3

fan outside-diameter function integer
array, k=1to 3

compressor function integer array,
k=1to3

component pressure ratio

pressure ratio effect on specific heat
ratio shift

(AT/Djq
(AT/T)y for specific heat ratio of 1.35

component pressure ratio data array,
k=1to 25

function data array, k=1 to 25



Appendix E

Host Digital Program

INPUT NO.

OF OP. PTS. (NTOTAL, NDRY)

[P - 1P+ 1| H| PRINT [ |=—{] ANALOG [}=—{ | ENGINE [}

INPUT OP. PT.
[pATA

|

SCALE
VARIABLES YES YES

>

Flowchart of host digital program

Source Listings

0000100 CXMMMNMNKWNNNMP TN H XK K%

0000200 C

0000300 C

0000400 C MAIN PROGRAM FOR GENERALIZED TURBOFAN SIMULATION

0000500 INTEGER PLA,RADR,APRINT

0000600 REAL KBLWHT,KBLWLT

0000700 COMMON /IO/IR,IN,IPNCH

0000800 COMMON /INL/INLET

0000900 COMMON /NMAPS/F1(322),F2(322),F3(854),F4(518),F5(224),F6(224), -
0001000 1 N1(5),N2(5),N3(5),N4(5),N5(5),N6(5)

0001100 COMMON /IVARS/ IP,JP,JPR,JPD,KBH,KBL,KBV,NAUG,NDRY,NTOTAL,PLA
0001200 COMMON /AVARS/ CC(50),DACI(24),DC(125),XC(6),YC(6),2C(12),UDC(125)
0001300 COMMON /ANVARS/ AQL13,AQL6,SFT,SFW13,SFW3,SFW4,SFW41,SFW6,SFW7,
0001400 1 Wi3,W3,W4,W61,W6,W7,SW13,SH3,SWN4,SWH41,SW6,85W7,
0001500 A V13,V3,V4,V41,V6,V7,XTH,XIL,PADR(53),PVAL(53),
6001600 B IG(10),ARDR(16)

6001700 COMMON /RVARS/ CBLHR(50),CBLLR(50),CBLVR(50),DH4QR(50),DH4TR(50), -
0001800 A DH41QR(50),DH41TR(50),DP13R(50),DP6R(50),ETAABR(50),~
0001900 B ETABR(50),FGR(50),PO0R(50),P2R(50),P22R(50),~-
0002000 c P5R(50),T13PR(50),T2R(50),T22R(50),T3PR(50),~
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0002100
0002200
0002300
0002400
0002500
0002600
0002700
0002800
0002900
0003000
0003100
0003200
0003300
0003400
0003500
0003600
0003700
0003800
0003900
0004000
0004100
0004200
0004300
0004400
0004500
0004600
0004700
0004800
0004900
0005000
0005100
0005200
0005300
0005400
0005500
0005600
0005700
0005800
0005900
0006000
0006100
0006200
0006300
0006400
0006500
0006600
0006700
0006800
0006900
0007000
0007100
0007200
0007300
0007400
0007500
0007600
0007700
0007800
0007900
0008000
0008100
0008200
0008300
00086400
0008500
0008600
0008700
0008800
0008900
0009600
0009100
0009200
0009300
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mo

COMMON /SVARS/

MOoQwW>

COMMON /XVARS/

EQUIVALENCE
EQUIVALENCE

VPN L R A

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

- NI UWN- o 0~d

EQUIVALENCE

N =

EQUIVALENCE

EQUIVALENCE

ONAVLULN VTP LW -~

EQUIVALENCE
EQUIVALENCE

EQUIVALENCE
EQUIVALENCE

VONOUNIDUINE M UTD WA

A26(50)
(A8 » ALC 1))
(ALTM , AlC 4))
(CD7 » A3C 1))
(CP13 , A3( 4))
(CP22 , A3( 7))
(CP4 » A3C 10))
(CP7 » A3( 13))
(CPHC , A3( 16))
(CV13P , A3( 19))
(cv3 » A3C 22))
(Cv4l , A3( 25))
(Ccvg » A3( 28))
(CVHC , A3( 31))
(DH4 » A4C 1)
(DTQW3 , R4G( 4)
(DTQW6 , R4(C 7)
(DW3 » A4(C 10)
(DW6 » B4( 13)
(DXNL , A4( 16)
(ETAAB , A5( 1))
(ETAIFM, A5C 4))
(FAR4M , A6(C 1))
(FAR7M , R6( 4))
(FGPT3 , A6(C 7))
(FNM » A6(C 10))
(GM13 , A7(C 1))
(GM2 » A70 4))
(GM3M , A7C 7))
(GM41 , A7C 10))
(GM6 » A7( 13))
(GM7M , A7(C 16))
(GMHC , A7( 19))
(H13 »A81( 1)
(H13PM ,A81C 4)
(H2M »A81C 7)
(H3M »A81(C 10)
(H4 »A81( 13)
(H41M ,A81( 16)
(H7 »A81(C 19)
(HRBM ,A81( 22)
(HHCM ,A81( 25)
(KBLWHT,A11( 1)
(PE »Al6C 1)
(P0OQT7 ,R16( 4)
(P2A »Al6C 7)
(P3 »Al16(C 10)
(P5 »A16( 13)
(PRHC ,A16( 16)
(RCVV ,A18( 1)
(RTT4 ,A18( &)
(TOR »R20( 1)
(T13P ,A20C &)
(T2A »A20C 7)
(T22M  ,A20( 10)
(T3P »A20( 13)
(T4M »A20C 16)
(T6 »A20C 19)
(T7M »R20( 22)
(TAVB ,A20( 25)
(TRIFM1,A20¢ 28)

WA2R(50),WA22R(50) ,WA3R(50),HG4R(50),WG41R(50), -

WG7R(50)

BSCIVV,BSRCVV,SFA8,SFAE, SFALT, SFCIVV, SFDH4, SFDH41 , -
SFFG,SFFN,SFP0,SFP13,SFP2,SFP22,SFP3,SFP4, SFP41 , -
SFP5,SFP6,SFP7,SFRCVV,SFT0,SFT13,SFT2,SFT22,SFT3, -

SFT4,SFT41,SFT6,SFT7,SFVEL,SFWAL13,SFWA2, SFWA22, -

SFWA3,SFWF4,SFWF7,SFWG4, SFWG41,SFWG6 , SFWG7,SFXMN, -

SFXNH, SFXNL

A1(50),A2(50),A3(50),A4(50),A5(50),A6(50),A7(50),
A81(50),A9(50),A10(50),A11(50),A12(50),A13(50),

A14(50),A15(50),A16(50),A17(50),A18(50),A19(50),
A20(50),A21(50),A22(50),A23(50),RA24(50),A25(50),

ONNININININSNPNLNNANINLNIN NN PN NN PN PN N
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0010300
0010400
0010500
0010600
0010700
0010800
0010900
0011000
0011100
0011200
0011300
0011400
0011500
0011600
0011700
0011800
0011900
0012000
0012100
0012200
0012300
0012400
0012500
0012600
0012700
0012800
0012900
0013000
0013100
0013200
0013300
0013400
0013500
0013600
0013700
0013800
0013900
0014000
0014100
0014200
0014300
0014400
0014500
0014600
0014700
0014800
0014900
0015000
0015100
0015200
0015300
0015400
0015500
0015600
0015700
0015800
0015900
0016000
0016100
0016200
0016300
0016400
0016500
0016600

EQUIVALENCE (WA13 ,A23( 1)),(WA2 »A23C  2)),(WA22
1 (WA3 »A23C 4)),(WAR2 ,A23( 5)),(WAR2M
2 (WARR22 ,A23( 7)),(WAR22M,A23( 8)), (WBLHT
3 (WBLLT ,A23( 10)),(WBLOV ,A23( 11)), (WF4
4 (WF7 »A23C 13)), (WG4 »A23C 14)), (WG41
5 (WG6 »A230 16)), (WG7 28230 173), (WG7TM
6 (WP4 »A23( 19)),(WP41 ,R23( 20))

EQUIVALENCE (X3 »A2¢(C 1)), (X4 »A26C  2)),(X5
1 (X6 »A26(  4)),(XF »A24C  5)), (XMN
2 (XMNM  ,A24(C 7)), (¥NH yR26C  8)), (XNL

EQUIVALENCE (Y3 »A25C 1)),(Y4 »yR25C 2)),(Y5
1 (Y6 »A25C &)

CALL CPUTIM(ITIMI1)

CH¥¥¥XXXSPECIFY I/0 DEVICES AND PUNCH OPTION

IR=5

IW=6

IPNCH=7
READ(IR,500)JP,JPD,JPA
WRITE(IW,501)
WRITE(IW,500) JP,JPD,JPA

C*¥¥¥*¥¥XINLET OPTION AND READ MAP DATA

READ(IR,500) INLET
WRITE(IW,502)

WRITE(IW,503)
WRITE(IW,500)INLET
READ(IR,504) KBLWHT,KBLWLT
WRITE(IW,502)

WRITE(IW,505)

WRITE(IW,506) KBLWHT,KBLWLT
WRITE(IW,502)

CALL MAPIN

»A23(
»A23(
»A23(
»A23(
»A23(
»A23(

»A26(
»A24(
»A24(
»A25(

st et
HOOW NNV WL
Nt ot Nt Nt Nt o o N Nt
Nt Nt Nt Nt N ot N N o

C**¥%%¥¥READ OPERATING POINT DATA (IP=1 DRY DESIGN,IP=NDRY+1 WET DESIGN)

10

15
20

25

30

READ(IR,508) NDRY,NAUG
NTOTAL=NDRY+NAUG

DO 100 IP=1,NTOTAL
READ(IR,507) PLA

READ(IR,504) PO,P2,P13,P22,P3,P4,P41,P5,P6,P7,TAM,T2,T13,T22,T3,
1 T4,T41,T6,T7,WA2,WA13,WR22,WA3,WG4,WG41,HG6,WG7,DH4,DH41,ETAB,

2 ETAAB,FN,XNL,XNH,WF4,WF7,A8,AE, ALT, XMN, CDN,CVN, CIVV,RCVV,FG

IPRINT=0

CALL PRINT(IPRINT)

IF (IP .NE. 1) GO TO 10
KBH=1

KBL=1

KBV=1

WBLHT=WG41-WG4
WBLLT=WG6-WG41-WA13
IF(KBH.EQ.0) WBLHT=0.
IF(KBL.EQ.0) WBLLT=0.
IF(IP.NE.1) GO TO 20
IF(WBLHT.GT.0.) GO TO 15
KBH=0

IF(WBLLT.GT.0.) GO TO 20
KBL=0
WBLOV=WA22-WA3-WBLHT-WBLLT
IF(KBV.EQ.0) WBLOV=0.
IF(IP.NE.1) GO TO 25
IF(WBLOV.GT.0.) GO TO 25
KBV=0
WBLHT=WBLHT/(.2%¥SFWA22)
WBLLT=WBLLT/(.02%SFWA22)
WBLOV=WBLOV/(.002*¥SFWA22)
P0= PO/SFPO

P2= P2/SFP2

P13= P13/SFP13

p22= P22/SFP22

P3= P3/SFP3

P4=P4/SFP¢%

P41=P41/SFP41

P5=P5/SFP5

P6=P6/SFP6

P7=P7/SFP?7

TAM=TAM/1000.

v v v N owow

- .

-
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0016700 T2=T2/SFT2
0016800 RTT2=SQRT(T2)

0016900 T13=T13/SFT13
0017000 T22=T22/SFT22
0017100 RTT22=SQRT(T22)
0017200 T3=T3/SFT3
0017300 T4=T4/SFT4
0017400 RTT4=SQRT(T4&)
0017500 T41=T41/SFT41
6017600 RTT41=SQRT(T41)
0017700 T6=T6/SFTé6
0617800 T7=T7/SFT7
0017900 WA2=WA2/SFWA2
0018000 WA13=WA1l3/SFWALl3
0018100 WA22 = WR22/SFUWA22
0018200 WA3 = WA3/SFWA3
0018300 DH4=DH4/SFDH4
0018400 DH41=DH41/SFDH41
0018500 WG4 = WG4/SFUG4
06018600 WG4l = WG41/SFUG41
0018700 WG6 = WG6/SFUGE
0013800 WG7 = WG7/SFUWG?
0018900 FN =FN/SFFN
0019000 FG = FG/SFFG
0019100 XNL =XNL/SFXNL
0019200 XNH =XNH/SFXNH
0019300 WF4 = WF4/SFUWF4
0019400 WF7 = WF7/SFUWF7
0019500 A8 = A8/SFA8
0019600 AE = ARE/SFAE
0019700 ALT = ALT/SFALT
0019800 XMN = XMN/SFXMN
06019900 CIVV = -(CIVV-BSCIVV)/SFCIVV
6020000 RCVV = -(RCVV-BSRCVV)/SFRCVV
0020100 IF ((IP .EQ. 1) .OR. (IP .EQ. NDRY+1l)) CALL DCOEF
06020200 CALL ENGINE
0020300 APRINT=0
0020400 CALL ANALOG(APRINT)
0020500 CALL PRINT(IPRINT)
0020600 100 CONTINUE
0020700 CALL ANALOG(APRINT)
0020800 CALL PRINT(IPRINT)
0020900 CALL CPUTIM(ITIM2)
0021000 TIME1l = ITIM1
0021100 TIME2 = ITIM2
0021200 TOTAL = .001%(TIME2 - TIMEl)
0021300 WRITE(2,600) TOTAL

0021400 500 FORMAT((1X,8(I1,2X)))
0021500 501 FORMAT(3X,37HPUNCH OPTION OVERALL, DIGITAL, ANALOG/)
0021600 502 FORMAT(/)

0021700 503 FORMAT(3X, 12HINLET OPTION/)

0021800 504 FORMAT(5F12.5)

0021900 505 FORMAT(3X,36HFRACTION OF BLEED THAT PROVIDES WORK/,3X,25HHIGH TURBINE
LOW TURBINE/)

0022000 506 FORMAT(3X,2F12.5)

6022100 507 FORMAT(9X,I3)

0022200 508 FORMAT((1X,2(X2,2X)))

0022300 600 FORMAT(/,' TOTAL CPU TIME IS: ',Gl2.5,"' SECONDS',/)

0022400 STOP

6022500 END

0022600 C

0022700 C

0022800 CHMHRKMXMXKANAT,OGHMHHHRNNN

0022900 C

0023000 C

0023100 SUBROUTINE ANALOG(APRINT)

0023200 C THIS ROUTINE READS ALL ANALOG COMPONENT INFORMATION
0023300 C CALCULATES POT SETTINGS AND INTEGRATOR
0023400 C GAINS AND PRINTS THE NECESSARY ANALOG
0023500 C INFORMATION

0023600 DIMENSION POT(5)

0023700 INTEGER PLA,AADR,GAIN(10), APRINT,KBLWHT,KBLWLT

0023800 COMMON /IO/IR,IW,IPNCH
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0023900
0024000
0024100
0024200
0024300
0024400
0024500
0024600
0024700
0024800
0024900
0025000
0025100
0025200
0025300
0025400
0025500
0025600
0025700
0025800
0025900
0026000
0026100
0026200
0026300
0026400
0026500
0026600
0026700
0026800
0026900
0027000
0027100
0027200
0027300
0027400
0027500
6027600
0027700
0027800
0027900
0028000
0028100
0028200
0028300
6028400
0028500
0028600
0028700
0028800
0028900
0029000
0029100
00292010
0029300
0029400
0029500
0029600
0029700
0029800
00295900
6030000
0030100
0030200
0030300
0030400
0030500
0030600
0030700
0030800
0030900
0031000
0031100
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COMMON /IVARS/ IP,JP,JPA,JPD,KBH,KBL,KBV,NAUG, NDRY,NTOTAL,PLA

COMMON /RVARS/ CBLHR(50),CBLLR(50),CBLVR(50),DH4QR(50),DH4TR(50), -
A DH41QR(50),DH41TR(50),DP13R(50),DP6R(50),ETAABR(50),~
B ETABR(50),FGR(50),P0R(50),P2R(50),P22R(50), -

c PSR(50),T13PR(50),T2R(50),T22R(50),T3PR(50),-
D WA2R(50),WA22R(50),WA3R(50),WG4R(50),WG41R(50),-
E WG7R(50)

COMMON /RVARS/ CC(50),DACI(24),DC(125),XC(6),YC(6),2C(12),UDC(125)

COMMON /SVARS/ BSCIVV,BSRCVV,SFA8,SFAE,SFALT,SFCIVV,SFDH4,SFDH4L, -
A SFFG,SFFN, SFP0,SFP13,SFP2,SFP22,SFP3,SFP4,SFP41, -

B SFP5,8FP6,SFP7,SFRCVV,SFT0,SFT13,SFT2,SFT22,SFT3, -
c SFT4,SFT41,SFT6,SFT7,SFVEL, SFWHAL3,SFWA2,SFA22, -

D SFWA3,SFWF4,SFWF7,SFRG4,SFWG41,SFWG6 , SFWG7 ,SFXMN, -
E SFXNH, SFXNL

COMMON /ANVARS/ AQL13,AQL6,SFT,SFW13,SFW3,SFW4,SFN41,SFW6,SFW7,

1 W13,W3,W4,W41,W6,W7,SKL3,SW3,SW4,SW4L,SW6,SWT7,

A v13,v3,V4,V41,V6,V7,XIH,XIL,PADR(53),PVAL(53),

B IG(10),AADR(16)

COMMON /XVARS/ Al1(50),A2(50),A3(50),A4(50),A5(50),A6(50),A7(50), -
1 A81(50),A9(50),A10(50),A11(50),A12(50),A13(50),

2 A14(50),A15(50),A16(50),R17(50),A18(50),A19(50), =
3 A20(50),A21(50),A22(50),A23(50),A24(50),R25(50),
4 A26(50)

EQUIVALENCE (A8 » ALC 1)),(AE » ALC  2)),(ALT » ALC 3)),
1 (ALTM , A1C 4))

EQUIVALENCE (CD7 » A3C 1)),(CDN ,» A3C 2)),(CIvv , R3(C 3)),
2 (cP13 , A3C 4)),(CcP13P , A3( 5)),(CP2 ,» A3C 6)),
2 (cp22 , A3C 7)),(CP3 ,» A3C 8)),(CP3P , RA3C 9)),
3 (CP4 ,» A3C 10)),(CP41 , A3( 11)),(CFP6 » A3(C 12)),
4 (Cp7 , A3C 13)),(CPAB , A3( 14)),(CPB » A3( 15)),
5 (CPHC , A3( 16)),(CSHIFT, A3( 17)),(cv13 , A3( 18))

EQUIVALENCE (CV13P , A3( 19)),(CV2 » A3( 20)),(cv22 , A3( 21)),
7 (CV3 , A3( 22)),(cv3P , R3( 23)),(CV4 » A3( 24)),
8 (cvel , A3( 25)),(CV6 » A3( 26)),(CV7 » R3C 27)),
9 (cvg , R3(C 28)),(CVvAB , A3( 29)),(CVB » A3C 30)),
A (cvHCc , A3( 31)),(CVN » A3C 32))

EQUIVALENCE (DH4 , R¢C 1)),(DH41 , R4C 2)),(DTQW13, R4( 3)),
1 (DTQW3 , A4( 4)),(DTQWSG , A4( 5)),(DIQW41, R4( 6)),
2 (DTQW6 , A4( 7)),(DTQW7 , A4C 8)),(DW13 , R4( 9)),
3 (DW3 , R4C 10)),(DU4 , B4C 11)),(DW4l , A4( 12)),
4 (DW6 » A4( 13)), (DW7 » R4C 14)),(DXNH , A4( 15)),
5 (DXNL , A4( 16))

EQUIVALENCE (ETAAB , A5( 1)),(ETAB , A5( 2)),(ETRHCM, A5C 3)),
1 (ETAIFM, A5C 4)),(ETAOFM, A5(C 5))

EQUIVALENCE (FAR4M , A6( 1)),(FAR41M, A6( 2)),(FAR6M , A6( 3)),
1 (FAR7M , R6( 4)),(FG , AR6( 5)),(FGM3 , R6(C 6)),
2 (FGPT3 , A6( 7)),(FN , R6( 8)),(FNET , R6C 9)),
3 (FNM , R6C 10)),(FSHIFT, R6( 113)

EQUIVALENCE (GM13 , A7( 1)),(GM13M , A7( 2)),(GMI3P , A7( 3)),
1 (GH2 ,» A7C 4)),(GM22 , A7( 5)),(GM3 » A70C 6)),
2 (GM3M , A7C 7)),(GM3P , A7(C 8)),(GM4 » A7C 9)),
3 (GM41 , A7C 10)),(GM&M , A7C 11)),(GM4IM , A7( 12)),
4 (GM6 , A7C 13)),(cMen , RA7( 14)),(GM7 » R7C 15)),
5 (GM7M , A7( 16)),(GMAB , A7( 17)),(GlB » A7C 18)),
6 (GMHC , A7( 19))

EQUIVALENCE (H13 ,A81C 1)),(H13M ,A81C 2)),(H13P ,A81(C 3)),
1 (H13PM ,A81( 4)),(H2 »A81C 5)),(H22 »A81C 6)),
2 (H2M ,A81C 7)),(H22M ,A81( 8)),(H3 »A81C 9)),
3 (H3M »A81(C 10)),(H3P ,A81( 11)),(H3PM ,A81( 12)),
4 (H4 »A81( 13)),(H41 »A81( 14)), (H4M »A81( 15)),
5 (H41M ,A81( 16)),(Heé »A81C 17)), (Hé6M »A81(C 18)),
6 (H? ,A81C 19)),(H7M »A81( 20)), (HAB »A81( 21)),
7 (HABM ,A81( 22)),(HB »A81(C 23)), (HBM +A81( 24)),
8 (HHCM ,A81( 25)),(HP4% »A81C 26)),(HP41 ,A81( 27))

EQUIVALENCE (KBLWHT,A11( 1)),(KBLWLT,Al11( 2))

EQUIVALENCE (PE JA16C 1)),(PO LAl6C 2)),(POA »AY6C  3)),
1 (POQT7 ,Al6( 4)),(P1l3 »Al6C 5)),(P2 JAL6C 6)),
2 (P2A SJAL6C 7)) ,(P22 JA16C  8)),(P22Q2M,Al6(C 9)),
3 (P3 »Al16C 10)),(P4 »A16(C 11)),(P41 JAl6( 12)),
4 (P5 »AL6( 13)),(P6 »A16(C 14)),(P7 »Al6C 15)),
5 (PRHC ,Al6( 16)),(PRIF ,Al6C 17)),(PROF ,Al6( 18))

EQUIVALENCE (RCVV ,A18( 1)),(RTT2 ,A18( 2)),(RTT22 ,Al18C 3)),
1 (RTT4 ,Al8( 4)),(RTT41 ,Al8C 5))
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0031200 EQUIVALENCE (TOA »A200 1)),(T13 »A200 2)),(T13M ,R20( 3)), -
0031300 1 (T13P ,A20( 4)),(T13PM ,R20( 5)),(T? »R20C 6)), -
0031400 2 (T2A yJAR20C  7)),(T2M »A200 8)),(T22 »R20C 9)),-
0031500 3 (T22M  ,A20( 10)),(T3 »A20( 11)),(T3M JR20( 12)),-
0031600 4 (T3P »A200 13)),(T3PM  ,A20( 14)),(T4 »R20( 15)), -
0031700 5 (T4M »A20C 16)),(T41 »A20C 17)),(T41M ,R20( 18)), -
0031800 6 (Té6 »R20C 19)),(TeéM »R20( 20)),(T7 ;A20( 21)), -
70031900 7 (T7M »A200 22)), (TAM »A20C 23)),(TAVAB ,A20( 24)), -
0032000 8 (TAVB ,A20C 25)),(TAVHC ,A20( 26)),(TRHCM1,A20( 27)), -~
0032100 9 (TRIFML,A20( 28)), (TROFML,A20( 29))
0032200 EQUIVALENCE (WA13 ,A23( 1)),(WAR2 L523C  2)),(WA22  ,R23(C 3)), -
0032300 1 (WA3 »A23C 432, (NAR2 ,A23( 5)),(HAR2M ,A23( 6)), -
0032400 2 (WAR22 ,A23C 7)), (WAR22M,R23(C 8)),(WBLHT ,A23( 9)),
0032500 3 (WBLLT ,A23( 10)),(WBLOV ,A23( 11)), (WF4 ,»A23C 12)),-
0032600 4 (WF7 »A23( 13)), (UGS »R23( 14)), (WG4 ,A23( 15)), -
0032700 5 (WG6 »A23C 16)), (KG7 »A23C 1737, (WG7M  ,A23(C 18)), -
0032300 6 (WpP4 »A23C 19)),(WP41 ,A23( 20))
0032900 EQUIVALENCE (X3 »A24(C 1)), (X4 yA24(C  2)),(¥%5 JA26( 3)), -
6033000 1 (X6 »A26C  64)), (¥F »A24(C  5)), (XMN »A24(C 6)), -
0033100 2 (XMNM ,A24( 7)), (XNH »A264C  8)), (XNL yA24C  9))
0033200 EQUIVALENCE (Y3 »A250C  1)),(Y4 »A25C  2)), (Y5 »A25C 3)),-
0033300 1 (Y6 »A25C  4))
0033400 C**¥¥¥X¥XANALOG SETUP
0033500 APRINT=APRINT+1
0033600 GO TO (10,100),APRINT
0033700 10 IF (IP .NE. 1) GO TG 30
0033800 20 READ(IR,502)SFT
0033900 READ(IR,503) V13,V3,V4,V41,V6,V7,AQL13,AQL6,XIH,XIL
0034000 READ(IR,504)(PADR(I),I=1,53)
0034100 READ(IR,505)(AADR(I),I=1,16)
0034200 CALL VOLUME(P13,T13,V13,W13,SW13,SFT,SFWA2,SFP13,SFT13,IK,POT,SFW13)
0034300 PVAL(1)=POT(1)
00364400 PVAL(2)=POT(2)
0034500 PVRL(3)=POT(3)
0034600 PVAL(4)=POT(4)
0034700 PVAL(5)=POT(5)
0034800 IG(1)=IK
0034900 CALL VOLUME(P3,T3,V3,W3,SW3,SFT,SFWA22,SFP3,SFT3,IK,POT,SFN3)
0035000 PVAL(6)=POT(1)
0035100 PVAL(7)=POT(2)
0035200 PVAL(8)=POT(3)
0035300 PVAL(9)=POT(4)
0035400 PVAL(10)=POT(5)
0035500 IG(2)=IK
0035600 CALL VOLUME(P4,T4,V4,W4,SW4,SFT,SFWNG4,SFP4,SFT4,IK,POT,SFW4)
0035700 PVAL(11)=POT(1)
0035800 PVAL(12)=POT(2)
0035900 PVAL(13)=POT(3)
0036000 PVAL(14)=POT(4)
0036100 PVAL(15)=POT(5)
0036200 IG(3)=IK
0036300 CALL VOLUME(P41,T41,V41,W41,SW41,SFT,SFWG41,SFP41,SFT41,IK,POT,SFWG])
0036400 PVAL(16)=POT(1)
0036500 PVAL(17)=POT(2)
0036600 PVAL(18)=POT(3)
0036700 PVAL(19)=POT(4)
0036800 PVAL(20)=POT(5)
0036900 IG(4)=IK
0037000 CALL VOLUME(P6,T6,V6,W6,SW6,SFT,SFWNG6,SFP6,SFT6,IK,POT,SFW6)
0037100 PVAL(21)=POT(1)
0037200 PVAL(22)=POT(2)
6637300 PVAL(23)=POT(3)
0037400 PVAL(24)=POT(4)
0037500 PVAL(25)=POT(5)
0037600 IG(5)=IK
0037700 CALL VOLUME(P7,T7,V7,W7,SW7,SFT,SFWG7,SFP7,SFT7,IK,POT,SFW7)
0037800 PVAL(26)=POT(1)
0037900 PVAL(27)=POT(2)
0038000 PVAL(28)=POT(3)
0038100 PVAL(29)=POT(4)
0038200 PVAL(30)=POT(5)
0038300 IG(6)=IK
0038400 CALL SPOOL(XIH,XNH,SFWG4,SFDH4,SFXNH,SFT,IK,POT)
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00385080 PVAL(31)=POT(1)

0038600 PVAL(32)=POT(2)

0038700 IG(7)=IK

0038800 CALL SPOOL(XIL,XNL,SFWG41l,SFDH41,SFXNL,SFT,IK,POT)
0038900 PVAL(33)=POT(1)

0039000 PVAL(34)=POT(2)

0039100 IG(8)=IK

0039200 30 CALL DUCT(RQL13,V13,SFP13,SFP6,SFT13,SFWAL3,SFT,P13,P6,T13,-
0039300 1 WA13,POT,IK,SFU13)

0039400 IF(IP.NE.1) GO TO 31

0039500 PVAL(35)=POT(1)

0039600 PVAL(36)=POT(2)

0039700 PVAL(37)=P0OT(3)

0039800 PVAL(38)=POT(4)

0039900 IG(9)=IK

0040000 DP13R(IP)=1.

0040100 GO TO 40

6040200 31 DP13R(IP)=POT(4)/PVAL(33)

0040300 40 CALL DUCT(AQL6,Vé6,SFP6,SFP7,SFT6,SFWG6,SFT,P6,P7,T6,WG6,POT,IK, -
0040400 1 SFW6)

0040500 IF(IP.NE.1) GO TO 41

0040600 PVAL(39)=POT(1)

0040700 PVAL(40)=POT(2)

0040800 PVAL(41)=POT(3)

00405900 PVAL(42)=PQT(4)

0041000 IG(10)=IK

0041100 DP6R(IP)=1.

6041200 GO TO 50

0041300 41 DP6R(IP)=POT(4)/PVAL(42)

0041400 50 IF(IP.NE.1) GO TO 60

0041500 PVAL(43)=WF4

0041600 PVAL(44)=WF7

0041700 PVAL(45)=AR8

0041800 PVAL(46)=AE

0041900 PVAL(47)=CIVV

0042000 PVAL(48)=RCVV

0042100 PVAL(49)=ALT

0042200 PVAL(50)=XMN

0042300 PVAL(51)=TAM

0042400 PVAL(52)=(P2¥SFP2)/(P13*¥SFP13%¥XC(3))
6042500 PVAL(53)=(P22%SFP22)/(P3*SFP3*XC(4))

0042600 60 RETURN
0042700 100 CONTINUE
0042800 C*X*%¥¥PRINT OUT OF ANALOG SPECIFICATIONS

0042900 WRITE(IW,500)

6043000 WRITE(IW,506)

0043100 WRITE(IW,502)SFT

0043200 WRITE(IW,501)

0043300 WRITE(IW,507)

0043400 WRITE(IW,508)

0043500 WRITE(IW,509)

0043600 WRITE(IW,503) V13,V3,V4,V41,V6,V7,AQL13,AQL6,XTIH,XIL
0043700 WRITE(IW,501)

0043800 WRITE(IW,510)

0043500 WRITE(IW,504)(PADR(I),I=1,53)
0044000 WRITE(IW,501)

0044100 WRITE(IW,511)

0044200 WRITE(IW,505) (AADR(I),I=1,16)
0044300 WRITE(IW,501)

0044400 WRITE(IW,512)

0044500 WRITE(IW,524%)

0044600 DO 105 I=1,53

0044700 IF(PVAL(I).LE.0.) PVAL(I)=.0001
0044800 IF(PVAL(I).GE.1.0) PVAL(I)=.9999
0044900 WRITE(IW,513) PADR(I),PVAL(I)
6045000 105 CONTINUE

¢045100 WRITE(IW,501)

0045200 WRITE(IW,525)

6045300 DO 110 K=1,10

0045400 N=IG(K)

0045500 GATN(K)=10%XN

0045600 IF(K.GT.6) GO TO 106

0045700 J=2%K



0045800 JJ=J-1

0045900 WRITE(IW,514) AADR(JJ),GAIN(K)
0046000 WRITE(IW,514) AADR(J),GAIN(K)
0046100 GO TO 107

0046200 106 J=K+6

0046300 WRITE(IW,514) AADR(J),GAIN(K)

0046400 107 CONTINUE
0046500 110 CONTINUE

0046600 WRITE(INW,500)

0046700 WRITE(IW,515)

0046800 DO 120 1I=22,24

0046900 DACI(I)=0.

0047000 120 CONTIHNUE

0047100 WRITE(IW,516)(DACI(I),I=1,24)

0047200 WRITE(IW,501)

06047300 WRITE(IW,517)

0047400 WRITE(IW,518) W13,SFW13,SW13

0047500 WRITE(IW,519) W3,SFU3,SWH3

0047600 WRITE(IW,520) W4,SFW4,SW4

6047700 WRITE(IW,521) W41,SFWN41,SW4]

0047800 WRITE(IW,522) W6,SFW6,SU6

0047900 WRITE(IW,523) W7,SFW7,SW7
0048000 WRITE(IW,501)

0048100 200 CONTINUE

0048200 500 FORMAT(1H1)

0048300 501 FORMAT(/)

0048400 502 FORMAT(1X,F5.0)

0048500 503 FORMAT(6F12.5)

0048600 504 FORMAT((1X,8(A4,1X)))

0048700 505 FORMAT(8I4%)

0048800 506 FOEMAT(3X,17HANALOG TIME SCALE/)

00648900 507 FORMAT(3X,21HENGINE GEOMETRIC DATA/)

0049000 508 FORMAT(6X,31V13,9X,2HV3, 10K, 2HV4, 10X, 3HV41, 9%, 2HV6, 10X, 2HV7)
0049100 509 FORMAT(6X,5HAQLL3,7X,4HAQL6, 8%, 3HXIHK, 9%, IHXIL/)
0049200 510 FORMAT(3X,20HANALOG POT ADDRESSES/)

0049300 511 FORMAT(3X,27HANALOG INTEGRATOR ADDRESSES/)

0049400 512 FOPMAT(3X,33HANKALOG TIME SCALE SHOULD BE F-SEC/)
0049500 513 FORMAT(3X,4HPOT ,A4,8H SET TO F7.4)

0049600 514 FORMAT(3X,11HINTEGRATOR ,I4%,3¥,15HGAIN SHOULD BE ,I6)
0049700 515 FORMAT(3X,38HDACS INITIALIZED UITH FOLLOWING VALUES/)
0049800 516 FORMAT(5(F8.5,2X))

0049900 517 FORMAT(3X,16HSTORED MASS DATA/)

0050000 518 FORMAT(3¥,6HW13 = ,F8.4,3X,8HSFWN13 = ,F6.1,3X%,7HSKH13 = ,F8.4)
0050100 519 FOPMAT(3X,6HW3 = ,F8.4,3X,8HSFL3 = ,F6.1,3X,7HSK3 = ,F8.4)
0050200 520 FORMAT(3X,6HlH4 = ,F8.4,3X,8HSFM4 = ,F6.1,3%,7HSWN4 = ,F8.4)
0050300 521 FORMAT(3X,6HM41 = ,F8.4,3X,8HSFIN41 = ,F6.1,3X,7HSW4]l = ,F8.4)
0050400 522 FORMAT(3X,6Hl6 = ,F8.4,3X,8HSFH6 = ,F6.1,3X,7HSW6 = ,F8.4)
0050500 523 FORMAT(3X,6HW7 = ,F38.4,3X,8HS5FW7 = ,F6.1,3%,7HSW7 = ,F8.4)
0050600 524 FORMAT(3X,12HPOT SETITINGS/)

0050700 525 FOPMAT(3X,16HINTEGRATOR GAINS/)

0050800 RETURN

0050900 END

go51000 C

6051100 C

0051200 CHH¥XENXRNXNRDATRATNXNX¥HHX¥%

0051300 C

0051400 C

0051500 SUBROUTINE DATAIN(N,F)

0051600 C MAP DATA INPUT ROUTINE

0051700 COMMON /IO/ IR,IW,IPNCH

0051800 COMMON s/IVARSs IP,JP,JPA,JPD,KBH,KBL,KBV,NAUG,NDRY,NTOTAL, PLA
0051900 DIMENSION F(1),N(1)

0052000 DIMENSION VALS(25),XVALS(25),2Z5C(4)

0052100 DIMENSION ISC(4),IX(4),IY(4),IZ21(4),I22(4),IZ3(4),IZ6(4)

0052200 500 FORMAT(1H1,/)
6652300 501 FORMAT(5I3)
0052400 502 FORMAT(7(4A2))
0052500 503 FORMAT(1X,7(4A2))

0052600 KPHCH=0

0052700 IF((JP.EQ.1).0OR.(JPD.EQ.1)) KPNCH=1
0052800 k=1

0052900 JF=0

0053000 5 REARD(IR,501) M,NCV,NPT,NFCT,NCOM
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0653100 IF(M.EQ.0) RETURN

0053200 WRITE(IW,500)
0053300 WRITE(I{,501) M,NCV,NPT,NFCT,NCOM

..0053400 IF(KPHCH.EQ.1) WRITE(IPNCH,501) M,NCV,NPT,NFCT,NCOM
0053500 TINC=NHCV¥*NPT
0053600 H(KI=1
0053700 N(E+1)=1
6053800 N(K+2)=1
0053900 N(K+3)=NPT
0054000 N(K+4)=NCV
0054100 K=K+5

54200 READ(IR,502) (ISC(I),I=1,4),(IX(I),I=1,4), -

0054300 A (IY(I))I=174)p(Izl(I))I:ly(f)) -
0054400 1 (122(I),I=1,4),(IZ23(1),I=1,4),(324(T),I=1,4%)
0054500 WRITE(IW,503) (ISC(I),I=1,4),(IX(I),I=1,4),(IY(I),I=1,4), =
6054600 * (IZ1¢(I),I=1,4),(IZ22¢(I),I=1,4),(I23(I),I=1,4%),(I24(I),I=1,4)
0054700 IF(KPHCH.EQ.1) N“ITE(IPNCH,502) (ISC(I),I=1,4),(IX(I),X=1,4),(IY(I),I=1,4),
0054800 * (IZ1(I),I=1,4),(I22(1),I=1,4),(I23(I),I=1,4),(IZ24(1),I=1,4)
0054900 READ(IR,ISC) X5C,¥SC,(2SC(I),I=1,NFCT)
0055000 WRITE(IW,ISC) XSC,YSC;(ZSC(I);I=1,NFCT)
0855100 IF(HPNCH.EQ.1) WRITE(IPNCH,ISC) XSC,Y¥SC,(ZSC(I),I=1,NFCT)
0055200 PEAD(IR,TIY) (VALS(I),I=1,NCV)
0055300 WRITE(IN,IY) (VALS(I),I=1,NCV)
655460 IF(¥PHCH.EQ.1) WRITE(IPNCH,IY) (VALS(I},I=1,NCV)
0055500 JS=JF+1
0055600 JF=JF+NCV
0055700 I=1
0055800 DO 10 J=JS.,JF
00559aG0 F(J)=VALS(I)/YSC
0856000 C CHECK CONSECUTIVE VALUES OF Y
0056100 IF(J.NE.JS) TEST=F(J)-F(J-1)
0056200 10 I=TI+1
0056300 JS=JF+1
0056400 JE=JF+NPT
6056500 DO 90 L=1,NCV
060564600 IF(HCOM.EQ.0) GO TO 14
0056700 IF(HCOM.EQ.32767) GO TO 16
0056800 HCCIM=32767
0056900 14 READ(IR,IX) (¥VALS(I),I=1,NPT)
0057000 WRITE(IW,IX) (XVALS(I),I=1,NPT)
0057100 IF(KPNCH.EQ.1) WRITE(IPNCH,IX) (XVALS(I),I=1,NPT)
0057200 16 I=1
0057300 DO 20 J=JS,JF
0057400 F(J)=XVALS(I)/XSC
0057500 C CHECK CONSECUTIVE VALUES OF X
0057600 IF(J.NE.JS) TEST=F(J)-F(J-1)
0057700 IF(L.EQ.1) GO TO 20
0057800 JMNPT=J-NPT
0057900 TEST=F(J)-F(JMNPT)
0058000 20 I=TI+1
0058100 DO 80 NF=1,NFCT
0058200 GO TO (30,40,50,60),NF
0058300 30 READ(IR,IZ1) (VALS(I),I=1,NPT)
0058400 WRITE(IW,IZ1) (VALS(I),I=1,NPT)
0058500 IF(EPNCH.EQ.1) WRITE(IPHCH,IZ1) (VALS(I),I=1,NPT)
0058600 GO TO 70
0058700 40 READ(IR,IZ2) (VALS(IJ,I=1,NPT)

0058800 WRITE(IW,IZ2) (VALS(I),I=1,NPT)
0058500 IF(KPNCH.EQ.1) WRITE(IPHCH,IZ2) (VALS(I),I=1,NPT)
0059000 GO TO 70
0059100 50 READ(IR,IZ3) (VALS(I),I=1,NPT)
00592040 WRITE(IW,IZ3) (VALS(I),I=1,NPT)
0059300 IF(KPNCH.EQ.1) WRITE(IPNCH,IZ3) (VALS(I),I=1,NPT)
0059400 GO TO 70
0059500 60 READ(IR,IZ4) (VALS(I),I=1,NPT)
0059600 WRITE(IW,IZ4) (VALS(I),I=1,NPT)
0059700 IF(KPNCH.EQ.1) WRITE(IPNCH,IZ4) (VALS(I),I=1,NPT)
00598080 70 JS=JS+INC
0059900 JF=JF+INC
0060000 I=1
0060100 DO 80 J=JS,JF
0060200 F(J)=VALS(I)/ZSC(NF)
00606300 C CHECK CONSECUTIVE VALUES OF Z
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0060400
0060500
0060600
0050700
0060800
0060900
0061000
0061100
0061200
0061300
0061400

C

0061500 C
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0061600
0061700
0061800
0061900
0062000
0062100
0062200
0062300
0062400
0062500
0062600
0062700
0062800
0062900
0063000
063100
0063200
0063300
0063400
0063500
0063600
0063700
0063800
0063500
0064000
0066100

_ 0064200
0064300
0064400
0064500
0064600
0064700
0064800
0064900
0065000
0065100
0065200
0065300
0065400
0065500
0065600
0065700
0065800
0065900
0066000
0066100
€066200
0066300
0066400
0066500
0066600
0066700
0066800
0066900
0067000
0067100
0067200
6067300
0067400
0067500
0067600

78

Cc
c

c

80

950

IF(J.NE.JS) TEST=F(J)-F(J-1)
IF(L.EQ.1) GO TO 89

JMNPT=J-NPT

TEST=F(J)-F(JMNPT)

I=T+1

IF(L.EQ.NCV) GO TO 5
JS=JS+HPT-INCXNFCT

JF=J5+NPT-1
RETURN
END

SUBROUTINE DCOEF
THIS ROUTINE CALCULATES TRIMMED DIGITAL COEFFICIENTS
REAL MAP,MAPL,KBLWHT,KBLWLT

INTEGER PLA

COrMMON #IO/IR,IW,IPNCH

COMMON
COMMON
1
COMMON
COMMON

COMMON

PUN= MO

EQUIVALENCE
1
EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

NMPHAUWNH O UMIDhwWwhoN

EQUIVALENCE
1
EQUIVALENCE

N =

EQUIVALENCE

EQUIVALENCE

NP HEN AU W

/XVARS/

#IVARS/ IP,JP,JPA,JPD,KBH,KBL,KBV,NAUG,NDRY,NTOTAL,PLA
/RUAPS/F1(322),F2(322),F3(854),F4(518),F5(224),F6(224), -

N1(5),N2(5),N3(5),N4(5),N5(5),N6(5)

/RVARS/ CC(50),DACI(24),DC(125),XC(6),YC(6),ZC(12),UDC(125)
/SVARS/ BSCIVV,BSRCVV,SFA8,SFAE, SFALT,SFCIVV,SFDH4,SFDH41, -

SFFG,SFFN,SFP0,SFP13,SFP2,SFP22,SFP3,SFP4,SFP41 , -
SFP5,5FP6,SFP7,SFRCVV,SFT0,SFT13,SFT2,SFT22,SFT3, -
SFT4,SFT41,SFT6,SFT7,SFVEL,SFWA13,SFIA2, SFUA22, -
SFWA3,SFWF4,SFWF7,SFIG4, SFWG41, SFNG6 , SFNG7, SFXMN, -
SFXNH, SFXNL
Al1(50),A2(50),R3(50),R4(50),R5(50),R6(50),A7(50), -
A81(50),A9(50),R10(50),A11(50),A12(50),A13(50), -
Al4(50),A15(50),A16(50),A17(50),A18(50),A19(50), -
A20(50),A21(50),A22(50),A23(50),R24(50),A25(50), -

A26(50)

(A8 » A1C 1)), (AE » A1C 2)), (ALT » A1C 3)),
(ALTM , AlC 4))

(CD7 » A3C 1)),(CDN » A3C 2)),(CIVW , A3C(C 3)),
(CP13 , A3( 4)),(CP13P , A3( 5)),(CP2 » A3C 6)),
(CP22 , A3( 7)),(CP3 » A3C 8)),(CP3P , A3C 9)),
(CP4 » A3( 10)),(CP41 , A3( 11)),(CP6 » R3( 12)),
(cp7 » A3C 13)),(CPAB , A3( 14)),(CPB » A3C 15)),
(CPHC , A3( 16)),(CSHIFT, A3( 17)),(CV13 , A3( 18))
(CV13P , A3( 19)),(cv2 » A3C 20)),(CV22 , A3(C 21)),
(cv3 » A3C 22)),(CV3P , A3( 23)),(CV4 » RA3( 24)),
(CV4l , A3( 25)),(CV6 » A3( 26)),(CV7 » AR3C 27)),
(cvs » A3( 28)),(CVAB , A3( 29)),(CVB » A3C 30)),
(CVHC , A3( 31)),(CVN » A3( 32))

(DH4 » A4C 1)),(DH41 , A4C 2)),(DTQW13, R4C 3)),
(DTQW3 , A4( 4)),(DTQAN4 , A4( 5)),(DTQW4L, A4( 6)),
(DTQW6 , A4( 7)),(DTQW7 , A4( 8)),(DW13 , A4 933,
(DW3 » R&C 10)), (DU4 » A4(C 11)),(DW4L , A4 12)),
(DW6 » A4( 133, (DW7 » A4C 14)),(DXNH , A4C 15)),
(DXNL , A4( 16))

(ETAAB , A5( 1)),(ETAB , A5( 2)),(ETAHCM, A5( 3)),
(ETAIFM, A5( 4)),(ETROFM, A5( 5))

(FAR4M , A6( 1)J,(FAR4IM, RA6( 2)),(FAR6M , R6( 3)),
(FAR7M , A6( 4)),(FG » A6C 5)),(FGM3 , RA6( 6)),
(FGPT3 , A6( 7)),(FN » A6C 8)),(FNET , R6C 9)),
(FNM » A6(C 10)),(FSHIFT, A6( 11))

(GM13 , A7( 1)),(GMI3M , A7( 2)),(GMI3P , A7( 3)),
(GM2 » R7C 64)),(GM22 , A7C 5)),(GM3 » A7C 6)),
(GM3Mm , A7(C 7)),(GM3P , A7( 8)),(GM& » A7C 9)),
(Gr4l , A7( 10)),(GM4M , A7( 11)),(GM41M , A7( 12)),
(GM6 » A7(C 13)),(GM6M , A7( 14)),(GM7 » A7( 15)),
(GM7M , A7( 16)),(GMAB , A7( 17)),(GMB » A7C 18)),
(GMHC , R7( 19))

(H13 »R81C 1)), (H13M ,A81C 2)),(HI3P ,A81( 3)),
(H13PM ,A81( 4)),(H2 »A81(C 5)),(H22 »A81C 6)),
(HeM »A81C 7)),(H22M ,A81( 8)),(H3 »A81C 9)),
(H3M »A81C 10)), (H3P »A81C 11)),(H3PM ,A81(C 12)),
(H4 »A81C 13)), (H41 »A81C 14)), (H4M »A81(C 15)),
(H41M ,A81(C 16)),(H6 +R81C 17)), (H6M »A81(C 18)),

L I A I B A §



0067700
0067800
6067900
0068000
0068100
0068200
0068300
0068400
0068500
0068600
0068700
0068800
0068900
0069000
0069100
0069200
0069300
00693400
0069500
0069600

70069700

0069800
0069900
0070000
6070100
0070200
0070300
0070400
0076500
0070600
0070700
0070800
0070900
0071000
0071100
0071200
6071300
0071400
6071500
0071600
0071700
00718400
0071900
6072000
40721040
0072200
0072300
0072400
0072500
0072600
0072700
0072800
0072600
0073000
c073100
00673200
0073300
0073400
0073500
0073600
0073700
0073300
0073900
0074000
0074100
0074200
0074300
0074400
0074500
0074600
0074700
0074800
0074900

6 (H7 »A81C 19)),(H7M »A81(
7 (HABM ,A81( 22)),(HB »A81(
8 (HHCM ,A81(C 25)), (HP4 »A81(
EQUIVALENCE (KBLWHT,A11( 1)), (KBLWLT,Al1(
EQUIVALENCE (PE yA16C 1)), (PO »AL16(
1 (POQT7 ,A16(C 4)),(P13 »Al6(
2 (P2A »Al6C 7)),(P22 »R16(C
3 (P3 »A16( 10)), (P4 »B16(
4 (P5 »Al6C 13)),(P6 JAL6(
5 (PRHC ,Al16( 16)),(PRIF ,Al6(
EQUIVALENCE (RCVV ,A18( 1)),(RTT2 ,Al8(
1 (RTT4 ,A18( 4)),(RTT41 ,A18(
EQUIVALENCE (TOA »A20(C 13),(T13 »A20(
1 (T13P ,A20( 4)),(T13PM ,A20(
2 (T2A »AR200  7)),(T2n »A20(
3 (T22M ,A20( 10)),(T3 »B20¢(
% (T3P »AR20( 13)),(T3PM ,A20(
5 (TaM »A20C 16)),(Tal »A20¢(
6 (Té »R20C 19)),(T6M »A20¢(
7 (T7M »A20( 22)), (TAM »A20¢(
8 (TAVB ,A20( 25)),(TAVHC ,A20(
9 (TRIFM1,A20( 28)), (TROFMI,A20(
EQUIVALENCE (WAl3 ,R23(C 1)), (MA2 »R23(
1 (WA3 »A23C  4)),(WAR2 ,R23(
2 (WAR22 ,A23( 7)), (WHAR22M,R23(
3 (WBLLT ,A23(C 10)), (WBLOV ,A23(
4 (WF7 »A23C 13)), (UG4 »A23(
5 (WG6 »A23( 16)), (HG7Y »R23(
6 (WP4 »A23(C 19)),(WP41  ,A23(
EQUIVALENCE (X3 JA26C 1)), (X4 yA24(
1 (X6 »A24C  4)), (XF »R24(
2 (XMNM ,A24( 7)), (¥NH yB24(
EQUIVALENCE (Y3 »AR25C 13),(Y4 »A25¢(
1 (Y6 »A250  4))

IF(IP.NE.1) GO TO 40

DC(57)= P2/(ZC(3)¥XWA2¥SQRT(T2))
DC(581)= P2/(P13%¥ ¥XC(3))

DC(59)= SQRT(T2)/ (XNL*¥YC(3))
DC(60)= P2/(ZC(5)%¥P22)

DC(61)= P22/(ZC(7)*¥WA22%¥SQRT(T22))
DC(62)= P22/(P3I*XC(4))

DC(63)= SQRT(T22)/(¥NH*¥YC(4))
DC(64)= SQRT(P3*(P3-P4)/T3)/WA3
DC(65)= (P4*XNH* 5)/(ZC(9)I*WG4*%T4)
DC(66)= P4/(P4&1*¥XC(5))

DC(67)= SQRT(T4)/(¥XNH*¥YC(5))
DC(68)=(.2*¥SFT3*SFWA22)/7(SFT41*SFWG41)
DC(69)=KBLWHT
DC(70)=(DC(69)*.2¥SFIIA22)/SFUG%
DC(71)=.2%¥SFA22/SFNG4
DC(72)=.2%SFWA22/5FWNG41
DC(73)=(P41*¥XNL)/(ZC(11)*WG41%¥T41)
DC(74)= P&l/(P5%XC(6))

DC(75)= SQRT(T41)/(XNL*YC(6))
DC(76)= P6/P5
DC(77)=(.02*SFT3*¥SFWA22)/ (SFT6XSFUGS)
DC(78)=KBLUWLT
DC(79)=(DC(78)%,02*SFWA22)/SFWG41
DC(80)=.02XSFWA22/SFWG6
DC(81)=.02%¥SFWA22/SFWAL3
DC(89)=DC(54)*DC(51)

DC(90)=0.

DC(91)= .25

DC(92)= .25

DC(93)= .5

DC(94)= .5

BC(95)= .5

DC(96)= .25

DC(110) = SFAE/(2.%SFA8)

DC(111) = SFPO/SFP7

DC(112) = (SFAEXSFP0)/SFFG

DC(113) = SFVEL/(644.75 ¥ 2., ¥ SQRT(SFT7))
DC(114)=.2

20)), (HAB »A81¢C
23)), (HBM »A81(
26)), (HP41 ,A81(
2))

2)),(POA »A16(
5)),(P2 »AL6(
8)),(P22Q2M,A16(
11)), (P41 »R16(
14)), (P7 »A16(
17)),(PROF ,Al6(
23),(RTT22 ,A1l8(
5))

2)),(T13M ,R20¢(
5)),(T2 »A20¢(
8)),(T22 »A20¢(
11)),(T3N »A20¢
14)),(T4 »A20(
17)),(T41M  ,R20(
2033, (T7 »A20¢(
23)),(TAVAB ,A20(
26J), (TRHCM1,A20(
29))

2)),(WA22 ,A23(
5)), (WAR2M ,A23(
8)), (WBLHT ,A23(
11)), (WF4 »A23(
14)), (WG4l ,R23(
17)), (WG7M , A23(
20))

2)), (X5 »A26(
5)), (XMN yA24(
8)), (XNL »B24(
2)), (Y5 »A25¢(
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0075000 DC(115)=(SQRT(SFT7)¥SFWG7)/(0.53218*SFA8%SFP7)
0075100 DC(116)=(32.17405%SFFG)/ (SFNG7*SFVEL)
0075200 CX¥¥¥XXXCOMPUTE DIGITAL COEFFICIENTS REQUIRING LOOKUPS
0075300 CX**X¥X¥XCOMPUTE CORRECTION FACTORS AT DRY DESIGN POINT

0075400 DO 5 I=1,50

0075500 CC(I)= 1,

0075600 5 CONTINUE

0075700 ALTM = DC(1)*ALT

0075800 XMNM = DC(2)*XMN

0075900 CALL FLCOND(ALTM,XMNM,TAM,P2A,T2A,POA,TOA)

00676000 CC(1)=(DC(3)*¥P2)/(.5%P2A)

0076100 CC(2)=(DC(4)*T2)/( .5%¥T2A)

0076200 CC(3)=(DC(5)*%P0)/(.5%POA)

0076300 X3= 1./XC(3)

0076400 Y3= 1./YC(3)

0076500 WAR2M = MAP(N3,F3,X3,Y3)

0076600 ETAOFM = MAPL(F3)

0076700 P22Q2M = MAPL(F3)

0076800 ETAIFM = MAPL(F3)

0076900 FSHIFT=MAP(N1,F1,CIVV,Y3)

0077000 WAR2=(WAR2M*( .5+ . 5%¥FSHIFT))/.5

0077100 CC(4)= 1./(ZC(3)*WAR2)

0077200 T2M= DC(6)%T2

0077300 CALL PROCOM(T2M,0.,CP2,CV2,GM2,H2M)

0077400 H2= H2M/DC(7)

0077500 PROF =(DC(8)%P13)/P2

0077600 CALL TRAT(1l,PROF,GM2,TROFM1)

0077700 CC(5)=(DC(96)¥TROFM1)/((.2%¥T13/(DC(9)*¥T2)-.2)*¥ETAOFM)

0077800 CC(6)= 1./(2C(5)%P22Q2M)

0077900 PRIF = (DC(10)%pP22)/P2

0078000 CALL TRAT(2,PRIF,GM2,TRIFMI1)

6078100 CC(7)= (DC(91)*¥TRIFM1)/((.2¥T22/(DC(11)%¥T2)~.2)*ETAIFM)

0078200 T22M= T22%DC(19)

0078300 CALL PROCOM(T22M,0.,CP22,CV22,GM22,H22M)

0078400 H22=H22M/DC(16)

0078500 X4=1./7XC(4)

0078600 Y¥64=1./7YC(4)

0078700 WAR22M= MAP(N4,F4,X4,Y4)

0078800 ETAHCM= MAPL(F4)

0078900 CSHIFT=MAP(N2,F2,RCVV,Y4)

007%000 WAR22=(WAR22M*( .5+CSHIFT*.5))/.5

0079100 TRHC1D= ((.2XT3/(DC(12)%T22)-.2)*¥ETAHCM)/DC(92)

0079200 CC(8)= 1./(ZC(7)*WAR22)

0079300 PRHC= (DC(14)%P3)/P22

6079400 BETAHC=1.

0079500 10 DC(83)=BETAHC*DC(12)%DC(13)

0079600 DC(84)=(1.-BETAHC)*DC(13)

6079700 TAVHC= DC(83)XT22 + DC(84)*T3

0079800 CALL PROCOM(TAVHC,O0.,CPHC,CVHC,GMHC, HHCM)

6079900 CALL TRAT(3,PRHC,GMHC, TRHCMI1)

6080000 IF((BETAHC.GE.1.).AND. (TRHCMI1.LT.TRHC1D)) GO TO 20

6080100 IF((BETAHC.LE.0.).AND. (TRHCML.GT.TRHC1D)) GO TO 25

6080200 ERTRHC= TRHCM1 - TRHC1D

0080300 IF(ABS(ERTRHC).LE..01%TRHC1D) GO TO 30
0080400 IF(ERTRHC.GT.0.) GO TO 15

00806500 BETAHC=BETAHC + .001

0080600 GO TO 10

0080700 15 BETAHC=BETAHC- .001

0080800 GO TO 10

0080900 20 DC(83)=DC(12)%DC(13)

0081000 DC(84)=0.

0081100 WRITE(IW,500)

0081200 TAVHC=DC(83)%T22

0081300 CALL PROCOM(TAVHC, 0.,CPHC,CVHC,GMHC, HHCM)

0081400 CALL TRAT(3,PRHC,GMHC, TRHCM1)

0081500 GO TO 30

0081600 25 DC(83)=0.

0081700 DC(84)=DC(13)

0081800 WRITE(IW,S501)

0081900 TAVHC=DC(84)*T3

0082000 CALL PROCOM(TAVHC,0.,CPHC,CVHC,GMHC, HHCM)

0082100 CALL TRAT(3,PRHC,GMHC, TRHCM1)

0082200 30 CC(9)= (DC(92)*¥TRHCM1)/((.2%¥T3/(DC(12)%T22)-.2)¥ETAHCM)
0082300 35 T3M=DC(13)*T3
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0082400
0082500
0082600
0082700
0082800
0082900
0083000
0083100
0083200
0083300
0083400
0083500
0083600
0083700
0083800
0083500
0084000
0084100
0084200
0084300
0084400
0084500
0084600
0084700
0084800
0084900
0085000
0085100
0085200
0085300
0085400
0085500
0085600
0085700

_.0085800
0085900
0086000
0086100
0086200
0086300

0086400
0086500

0086600
0086700
00386800
0686900
0087000
0037100
0087200
0087300
0087400
0087500
0087600
co87700
0087800
0087900
0088000
0088100
cogg200
0088300
0088400
00688500
0088600
0083700
0088800
0088900
0089000
0089100
0089200
0089300
0089400
0089500
0089600
0089700

CALL PROCOM(T3M,0.,CP3,CV3,GM3,H3M)
H3=H3M/DC(17)
FGM3=-,23396*GM3I*¥GM3+.66572*GM3I+.33337
DC(97)=.5%FGM3*P3/SQRT(T3)
IF(KBH.GT.0) DC(9$8)=DC(97)/WBLHT
IF(KBL.GT.0) DC(99)=DC(97)/WBLLT
IF(KBV.GT.0) DC(100)=DC(97)/WBLOV
T4M = DC(21)*T4

40 FAR4M = (DC(20)*WF4)/WA3
IF(IP.NE.1) GO TO 75
CALL PROCOM(T4M,FAR4M,CP4,CV4&,GM4,H4GM)
H4 = H4M¥DC(22)
HBD = (H4*WG4/DC(23)-ETABX¥DC(24)*¥WF4/DC(23))/WA3
BETAB= 1.

45 DC(85)= BETABX¥DC(25)*DC(21)
DC(86)= (1.-BETAB)*DC(21)
TAVB = DC(85)*T3 + DC(86)*T4
CALL PROCOM(TAVB,0.,CPB,CVB,GMB,HBM)
HB=HBM*DC(22)
IF((BETAB.GE.1.) .AND.(HB.GT.HBD)) GO TO 55
JF((BETAB.LE.O0.).AND.(HB.LT.HBD)) GO TO 60
ERRHB= HB-HBD
IF(ABS(ERRHB).LE..01*HBD) GO TO 65
JF(ERRHB.GT.0.) GO TO 50
BETAB= BETAB - .001

GO TO 45

50 BETAB = BETAB + .001
GO TO 45

55 DC(85)=DC(25)%¥DC(21)
DC(86)=0.

TAVB=DC(85)*T3
CALL PROCOM(TAVB,0.,CPB,CVB,GMB, HBM)
HB=HBM*DC(22)
WRITE(IW,502)
GO TO 65
60 DC(85)=0.
DC(86)=DC(21)
WRITE(IW,503)
TAVB=DC(86)%T4
CALL PROCOM(TAVB,0.,CPB,CVB,GMB,HBM)
HB=HBM¥DC(22)
65 CC(10)= (H4*WG4/DC(23)-HBX¥WA3)/ (WF4*¥ETAR¥DC(24)/DC(23))
70 X5=1./%C(5)
¥Y5=1./YC(5)
WP4 = MAP(N5,F5,X5,Y5)
HP4 = MAPL(F5)
DC(87)=(HP4*SQRT(T4)*XNH)/DH4
CC(11)= 1./(Z2C(9)*P4&)
T41M= DC(28)%*T41
75 FAR4IM=(FAR4M¥.5)/(.5+(.5+.04¥FAR4M)IXDC(71)*¥WBLHT /LG4 )
IF(IP.NE.1)GO TO 80
CALL PROCOM(T41M,FAR41M,CP41,CV41,GMN41,H41M)
H41l= H41M*DC(29)
CC(12)=(WG4*¥H4/DC(26)-WG41%¥H41+DC(68I*XWBLHT*H3)/
1 (DC(27)%DH4*(WG4+DC(70)*WBLHT))
X6 = 1./XC(6)
Y6 = 1./YC(6)
WP41= MAP(N6,F6,X6,Y6)
HP41= MAPL(F6)
DC(88)=(HP41*¥SQRT(T41)*¥XNL)/DH41
CC(13)= 1./(ZC(11)*%WP41)
T13M= DC(34)*T13
CALL PROCOM(T13M,0.,CP13,CV13,GM13,H13M)
H13= H13M/DC(15)
80 FAR6M =(FAR41M*.25)/(.25+(.5+.04¥FARG1IMI¥DC(37)*(IWJA13+DC(81)% -
1 WBLLT)/WG41)
IF(IP.NE.1) GO TO 100
T6M= DC(38)%T6
CALL PROCOM(TéM,FAR6M,CP6,CV6,GM6,H6M)
Hé6= H6M/DC(39)
CC(14)= (DCC3I1)*¥WALIXHII - WGEX¥H6 + DC(3I2I*¥WG4G1¥H4L+DC(77)I¥WBLLT* -
1 H3)/7(DC(33)*¥DH41*¥(WG41+DC(79)*¥WBLLT))
FAR7M = FAR6M
T7M = T7¥DC(51)
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0089800
6089900
0090000
0osclo00
0090200
0090300
6090400
0090500
0090600
00s%0700
0090800
00909500

0091000 C¥¥¥X*¥XXSTORE UNMODIFIED COEFFICIENTS

0091100
0091200
0091300

0091500
0091600
0091700

0091800
0091900

0092000
0092100
0092200
0092300
0092400
0092500
0092600
0092700
0092300
0092900
0093000
0093100
0093200
0093300
0093400
0093500
0093600
0093700
0093800
0093900
0094000
0094100
0094200
0094300
0094400
0094500
0094600
0094700
0094800
0094900
0095000
0095100
0095200
0095300
0095400
0095500
0095600
0095700
0095800
0095900
0096000
0096100
0096200
0096300
0096400
0096500

0096600
0096700
0096800
0096900

82

1

CALL PROCOM(T7M,FAR7M,CP7,CV7,GM7,H7M)

H7= DC(52)¥H7M

POQT7=DC(111)*pP0sP7

CALL NOZ2Z2L (P0,P7,P0QT7,T7,A8,AE,CDN,CVN,WG7M,FNM, XF)

CC(19)=(FG-XF)/(FNM~-XF)
FNET=FNM-XMNM*SQRT(TOR)*WA2/DC(45)

CC(17)= WG7/WGTM
CC(15)=WA22%(H3~-DC(12)*H22)*DC(94)/((WG4+DC(70)*WBLHT)*DC(40)*

.5%DH4)

CC(16)=(WA2~-DC(18)*¥WA22)*(H13-DC(9)I*¥H2)I*¥DC(93)/((NG41+DC(79)%

IWBLLT)*.5%¥DC(41)¥DH41 ) +WA22%(H22-DC(11)*¥H2)¥DC(93)/((WG41+DC(79)% -
2WBLLT)*DC(42)% ,5%DH41)

DO 85 I=1,125
UDC(I)=DC(I)

85 CONTINUE
0091400 CH*XXX*¥¥XMODIFY THOSE COEFFICIENTS THAT REQUIRE ADJUSTMENT

90 DC(3)= DC(3)/CC(1)
DC(4)= DC(4)r/CC(2)
DC(5)= DC(5)/CC(3)

105 T7M = T7*DC(51)

110

115
120

125

130

DC(57)= DC(57)/CC(4)
DC(96)= DC(36)/CC(5)
DC(60)= DC(60)/CC(6)
DC(91)= DC(91)/CC(7)
DC(61)= DC(61)%CC(8)
DC(92)= DC(92)/CC(9)
DC(24)= DC(24)%CC(10)
DC(65)= DC(65)/CC(11)
DC(27)= DC(27)*CC(12)
DC(73)= DC(73)/CC(13)
DC(33)= DC(33)%CC(14)
DC(94)= DC(S$4)/CC(15)
DC(93)= DC(93)/CC(16)

DC(95)= DC(95)*CC(17)
DC(116)=DC(116)%CC(19)
CX¥¥X¥¥COMPUTE CORRECTION FACTORS AT WET DESIGN POINT
95 IF(IP.NE.NDRY+1) GO TO 150
100 FAR7M= FAR6M + (DC(50)¥(.04%¥FAR6M + .5)XWF7)/(.5%WNG6)

CALL PROCOM(T7M,FRR7M,CP7,CV7,GM7,H7M)

H7= DC(52)*H7M

HABD= (H7¥WG7/DC(49)-ETAAB*DC{53)*WF7/DC(49))/WG6

BETAAB=1.

DC(89)= BETAABXDC(54)%DC(51)

DC(90)= (1.-BETAAB)*DC(51)

TAVAB= DC(89)%T6 + DC(90)*T7

CALL PROCOM(TAVAB,FAR6M,CPAB,CVAB,GMAB, HABM)

HAB= HABMX*DC(52)

IF((BETAARB.GE.1.) .AND.(HAB.GT.HABD)) GO TO 120
IF((BETAAB.LE.0.).AND.(HAB.LT.HABD)) GO TO 125
ERRHAB = HAB ~ HABD

IF(ABS(ERRHAB).LE..01%HARD)

IF(ERRHAB.GT.0.)
BETAAB = BETAAB -

GO TO 110

BETAAB = BETAAB +

GO TO 110

GO TO 115
.001

.001

DC(89)=DC(54)%DC(51)

DC(9%90)=0.
WRITE(IW,504)

TAVAB=DC(89)%T6

GO TO 130

CALL PROCOM(TAVAB,FRR6M,CPAB,CVAB,GMAB, HABM)

HAB=HABM¥DC(52)

GO TO 130
DC(89)=0.
DC(90)=DC(51)
WRITE(IW,505)

TAVAB=DC(90)*T7

CALL PROCOM(TAVAB,FAR6M,CPAB,CVAB,GMAB, HABM)

HAB=HABM*DC(52)
CC(18) = (H7*WG7/DC(49)-HAB*WG6)/ (WF7%¥DC(53)*¥ETAAB/DC(49))
uUDC(89)=DC(89)



0097000
0097100

0097200
0097300

0097400
0097500
0097600
0097700
0097800
6097900
0098000 C
0098100 C

UDC(90)=DC(90)
DC(53)= DC(53)*¥CC(18)

RETIIRN

FORMAT(3X,45HHP COMPRESSOR EFFICIENCY REQUIRES TAV LT TIN./)
FORMAT(3X, 46HHP COMPRESSOR EFFICIENCY REQUIRES TAV GT TOUT./)
FORMAT(3X,38HBURNER EFFICIENCY REQUIRES TAV LT TIN./)
FORMAT(3X,39HBURNER EFFICIENCY REQUIRES TAV GT TOUT./)
FORMAT(3X,41HAUGMENTOR EFFICIENCY REQUIRES TAV LT TIN./)
FORMAT(3X, 42HAUGMENTOR EFFICIENCY REQUIRES TAV GT TOUT./)

END

0098200 CH¥NNNMNKRMDUCT RN R KRN HHH

0098300 C
0098400 C
0038500
0098600
0098700 C
0098800
0098900
0099000
0099100
0099200
6099300
0099400
0099500
0099600
0099700
0099800
0099900
0100000
0100100
6100200
6100300
0100400
0100500
0100600

102200
102300
102400
0102500
0102600
01027060
0102800
0102900
0103000

SUBROUTINE DUCT(AQL,V,SFPIN,SFPOUT,SFTIN,SFWG,TSC,PIN,POUT,TIN,
1 WG,POT,IGAIN,SFW)

DUCT ROUTINE

DIMENSION POT(1)
PIN=PIN*¥SFPIN
POUT=POUT*SFPOUT
WG=KG*SFUG

TIN=TIN*¥SFTIN

GC=386.26

RA=640.1

POT(1)=WG/SFWG
POT2I=AQLX¥GC*¥SFPIN/(SFWGX¥TSC)
POT3I=SFPOUT¥POT2I/SFPIN
POT4I=AQL¥GCX¥PIN* (PIN-POUT)I*¥SFNGXV/ (WGXWGXRAXTINXSFWXTSC)
IF(POT2I.GT.1.) GO TO 2
JIGAIN=0

POT(2)=P0OT2I

POT(3)=POT3T

POT(4)=POT4I

GO TO 7

TIF(POT2I.GT.10.) GO TO 3
IGATH=1

POT(2)=P0OT2I/10.
POT(3)=POT3I/10.
POT(4)=P0OT4I/10.

GO TO 7

IF(POT2I.GT.100.) GO TO &
TGAIN=2

POT(2)=P0OT2I,/100.
POT(3)=pPOT3I/100.
POT(4)=POT4I/100.

GO TO 7

IF(POT2I.GT.1000.) GO TO 5
IGAIN=3

POT(2)=P0OT2I,1000.
POT(3)=POT3I/1000.
POT(4)=POT4I,1000.

GO TO 7
IF(POT2I.GT.10000.) GO TO 6
IGAIN=4
POT(2)=POT2I/10000.
POT(3)=POT3I/10000.
POT(4)=POT4I/10000.

GO TO 7

IGAIN=5
POT(2)=POT2I,/100000.
POT(3)=POT3I,/10000C.
POT(4)=P0OT4I,100000.
CONTINUE

PIN=PIN/SFPIN
POUT=POUT/SFPOUT
WG=KHG/SFIG

TIN=TIN/SFTIN

RETURN

END
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0104200
0104300
0104400
0104500
0104600
0104700
0104800
0104900
0105000
0lo5100
0105200
0105300
0105400
0105500
0105600

0106500
0106600
0106700
0106800
0106900
0107000
0107100
0107200
0107300
0107400

~0107500

0107600
0107700
6107800
6107900
0108000
0108100
0108200
0108300
0108400
0108500
0108600
0108700
0108800
0108900
0109000

MDD UHWN -~ OO

CHIHHHH KRN X KENGINENHNKNKRNKX KK

Qo aaQ

SUBROUTINE ENGINE -

THIS ROUTINE PERFORMS ALL THE ENGINE CALCULATIONS
AND IS SIMILAR IN STRUCTURE TO THE
LOOP ROUTINE OF THE HYBRID SIMULATION

REAL MAP,MAPL,KBLWHT,KBLWLT

INTEGER PLA

DIMENSION N7(3)

DIMENSION XY(45),X7(15),Y71(15),Y72(15)

EQUIVALENCE (X7(1) XY(l)) (Y71(1),XY(16)),(¥72(1),XY(31))

DATA N7,/1,1,15/

DATA X7/
¥ .05000,.34732,.40345,.43196,.45522,.48029,.51127,.54541,
* .57747,.61735,.66017,.72709,.84377,.91296,.95000/

DATA Y71/
¥ .,96610,.96610,.95366,.95208,.95019,.95172,.95369,.95709,
¥ .95519,.94861,.93186,.88707,.88481,.90661,.92250/

DATA Y72/
*.97034,.97034,.97184,.97431,.97727,.98022,.98406,.98933,
*¥,99500,1.0000,1.0000,.95010,.95372,.96547,.97600/

COMMON sIVARSs/ IP,JP,JPA,JPD,KBH,KBL,KBV,NAUG,NDRY,NTOTAL,PLA

COMMON
1 N1(5),N2(5),N3(5),N4(5),N5(5),N6(5)

/NMAPS/F1(322),F2(322),F3(854),F4(518),F5(224),F6(224), -

COMMON ~AVARS/ CC(50),DACI(24),DC(125),XC(6),¥YC(6),2C(12),UDC(125)

COMMON /RVARS/ CBLHR(50),CBLLR(50),CBLVR(50),DH4QR(50),DH4TR(50), -
A DH41QR(50),DH41TR(50),DP13R(50),DP6R(50),ETAABR(50),~
B ETABR(50),FGR(50),POR(50),P2R(50),P22R(50),~
Cc P5R(50),T13PR(50),T2R(50),T22R(50),T3PR(50), -

D WA2R(50),WA22R(50),WA3R(50),dG4R(50),WG41R(50),~
E WG7R(50)
COMMON /XVARS/ R1(50),AR2(50),A3(50),A4(50),A5(50),A6(50),A7(50),
1 A81(50),A9(50),R10(50),A11(50),A12(50),A13(50),
2 A14(50),A15(50),A16(50),A17(50),A18(50),A19(50)
3 A20(50),R21(50),R22(50),A23(50),A24(50),A25(50) -
4 : A26(50)

EQUIVALENCE (A8 » A1C 1)),(AE ,» A1C 2)),(ALT » A1C 3)),
1 (ALTM ., Rl(C 4))

EQUIVALENCE (CD7 , A3C 1)), (CDN » A3C 2)),(CIVV , R3C 3)),
2 (cpl3 , A3(C 4)),(CP13P , A3( 5)),(CP2 ,» A3C 6)),
2 (cp22z , A3(C 7)),(CP3 » A3(C 8)),(CpP3P , A3( 933},
3 (CP4 » A3C 10)),(CP41 , A3( 11)),(CP$6 » A3C 12)),
4 (Cp7 » A3C 13)),(CPAB , A3( 14)),(CPB » A3( 15)),
5 - (CPHC , A3( 16)),(CSHIFT, A3( 17)),(CVvli3 , A3( 18))

EQUIVALENCE (CV13P , A3( 19)),(CvV2 » R3(C 20)),(cvz2z , A3( 21)),
7 (CV3 » BA3(C 22)),(CVv3P , A3( 23)),(CV4 » A3( 24)),
8 (cval , R3( 25)),(CVé » A3C 26)),(CV7 » A3( 27)),
9 (Cvs » BR3C 28)),(CVvAB , A3( 29)),(CVB » A3C 30)),
A (CVHC , A3( 31)),(CVH » A3( 32))

EQUIVALENCE (DHé4 ,» B4C 1)),(DH41 , R4( 2)),(DTQW13, R4( 3},
1 (DTQW3 , A4(C 6)),(DTQAWG , A4( 5)),(DTQW4Y, A4(C 6)),
2 (DTQW6 , A4C 7)),(DPTQW7 , R4( 8)),(DW13 , A4 9)),
3 (DU3 » A4(C 10)),(DUW4 » A4C 11)),(DW4l1 , R4( 12)),
4 (DW6 » A4( 13)), (DW? » AR4C 14)),(DXNH , A4( 15)),
5 (DXNL , A4( 16))

EQUIVALENCE (ETAAB , A5(C 1)),(ETAB , A5( 2)),(ETAHCM, AR5C 3)}),
1 (ETAIFM, AS5C 4)),(ETAOFM, AS( 5))

EQUIVALENCE (FAR4M , R6( 1)),(FAR41M, A6( 2)),(FAR6M , R6( 3)),
1 (FAR7M , A6( 4)),(FG » A6C 5)),(FGM3 , A6( 6)),
2 (FGPT3 , R6(C 7)),(FN » R6(C 8)),(FNET , RA6( 9)),
3 (FNM » A6C 10)),(FSHIFT, R6( 11))

EQUIVAIENCE (GM13 , A7(C 1)),(GM13M , A7( 2)),(GMI3P , A7( 3)3,
1 (GM2 » A7C 4)),(GM22 , R7( 5)),(GM3 » A7C 6)),
2 (GM3m , A7C 7)),(GM3P , A7( 8)),(GM4 » A7C 9)),
3 (M4l , A7C 10)),(GMaM , A7( 11)),(GM4IM , A7( 12)),
4 (GM6 » A7C 13)),(GMé6Mm , A7( 14}, (GM7 » A7( 15)),
5 (M, A7C 16)),(GMAB  , A7( 17)),(GMB » R7(C 18)),
6 (GMHC , A7( 19))

EQUIVALENCE (H13 ,A81C 1)),(HI3M ,A81(C 2)),(H13P ,A81(C 3)),
1 (H13PM ,A81( 4)),(H2 »A81(C 5)),(H22 »A81C 6)),
2 (H2M »A81C 7)),(H22M ,A81(C 8)),(H3 »A81C 9)),
3 (H3M »A81(C 10)), (H3P »A81C 11)),(H3PM ,A81( 12)),
4 (He »A81(C 13)),(H41 »A81C 14)), (H4M »A81(C 15)),



5 (H41M ,A81(C 1 (H6 yA81C 17)), (H6M »A81(
6 (H?7 »A81C 1 (H7M SJA81C 2 » (HAB »A81(
7 (HABM ,A81( 2 (HB »A81C 2 » (HBM »A81(
8 (HHCM ,A81( 2 (HP% »A81(C 2 » (HP41 ,A81(
EQUIVALENCE (KBLWHT,A1l1( KBLWLT,A11(

EQUIVALENCE (PE »Al6( PO »A16( » (POA »Al6(

(POQT7 ,Al6( P13 »A16( » (P2 »A16(

(P2A »Al6( P22 »A16( » (P22Q2M,A16(

(P3 »Al6( 1 P4 »JAL6C 1 » (P41 +A16(

(P5 »Al6(C 1 P6 »A16(C 1 » (P7 »A16(

(PRHC ,Al6( 1 PRIF ,A16( 1 » (PROF  ,A16(

EQUIVALENCE (RCVV ,A18( RTT2 ,A18( » (RTT22 ,Al18(

(RTT4 ,Al8( RTT41 ,A18¢(

DRI OAUONDIHOUNINOANUONDHD O UWON DN OO
s.;uuwuvuuwvuuuuvuwkuvuuvvuuuuuvuuvu

’ ))
, 0))
’ 3))
’ 6))
» 2))
» ( 2))

1 » ( 5))
2 » ( 8))
3 ¢ 1))
4 » %))
5 » ( 7))

» ( 2))
1 » ( 5))

EQUIVALENCE (TOA »A20¢( »(T13 JA200C 2)),(T13M  ,A20(
1 (T13Pp ,A20¢( »(T13PM ,A20( 5)),(T2 »A20(
2 (T2A »A20( » (T2M yA20( 8)),(T22 »A20¢
3 (T22M ,A20( 1 » (T3 »A20( 11)),(T3M »R20(
4 (T3P »A20C 1 » (T3IPM ,A20( 14)),(T4 »A20¢
5 (T4M »A20C 1 » (TGl »A20¢ 17)),(T41M .AZOE
6 (T6 »AR20C 1 » (T6M »A20C 20)),(T7 »A20
7 (T7M »A20( 2 » (TAM »A20( 23)), (TAVAB ,A20(
8 (TAVB ,A20( 2 » (TAVHC ,A20( 26)), (TRHCM1,A20(
9 (TRIFM1,A20(C 2 » (TROFM1,A20( 29))

EQUIVALENCE (WA13 ,A23( » (WA2 yA23C 2)),(WR22  ,A23(
1 (WA3 »A23( » (WAR2 ,A23(C 5)),(WAR2M ,A23(
2 (WAR22 ,A23( » (WAR22M,223( 8)), (WBLHT ,A23¢(
3 (WBLLT ,A23(C 1 , (WBLOV ,A23( 11)),(WF4 »A23(
4 (WF7 »A23(C 1 » (RG4 »A23C 164)),(WNG41  ,A23(
5 (WG6 »A23C 1 » (WG7 »A23C 17)), (MG7M ,A23(
6 (WP4 2A23( 1 , (WP41  ,A23( 20))

EQUIVALENCE (X3 »A26( » (X4 sB26C  2)), (X5 »A26(
1 (X6 »A26( » (XF »A26C  5)), (¥MN »A24(
2 (XMNM  ,A24( » (XNH »A26(C  8)), (XHL »A24(

EQUIVALENCE (Y3 »A25¢( » (Y4 »A25C 2)),(¥5 »A25(
1

(Y6 »A25¢(
..... COMPUTE FAN INLET CONDITIO
100 ALTM = DC(1)*ALT
XMNM = DC(2)*XMN
CALL FLCOND(ALTM,XMNM,TAM,P2R,T2R,P0A,TOA)
pa2C= (.5¥P2A)/DC(3)
P2R(IP)= P2/P2C
p2=p2C
T2C= (.5%T2A)/DC(4)
T2R(IP)= T2/T2C
T2=T2C
IF(IP.EQ.1) DACI(1)=P2
IF(IP.EQ.1) DACI(2)=T2
105 X3 = (DC(58)%P13)/P2
Y3 = (DC(59)¥XNL)/SQRT(T2)
WAR2M= MAP(N3,F3,X3,Y3)
ETAOFM = MAPL(F3)
p22Q2M = MAPL(F3)
ETAIFM = MAPL(F3)
IF(CIVV .LT. .0) CIVV=.0
110 FSHIFT = MAP(N1,F1,CIVV,Y3)
WAR2 = (WAR2M*(.5+.5¥FSHIFT))/.5
JF(IP.EQ.1) DACI(3)=X3
IF(IP.EQ.1) DACI(4) = WAR2
WA2C=(WAR2%P2)/ (SQRT(T2)*¥DC(57))
WA2R(IP)= WA2/MA2C
WA2=LIAR2C
P22C=(P22Q2M*P2)/DC(60)
P22R(IP)=P22/P22C
p22=p22C
PRIF=(DC(10)%P22)/P2
T2M = DC(6)*T2
115 CALL PROCOM(T2M,0.,CP2,CV2,GM2,H2M)
CALL TRAT(1,PRIF,GM2,TRIFI1)
T22C=(DC(11)%¥T2%(.2+DC(91)XTRIFMI/ETAIFM))/.2
T22R(IP)=T22/T22C
T22=T22C
..... COMPUTE COMPRESSOR PERFORMANCE PARAMETERS
120 X4=(DC(62)%*P3)/P22
Y4=(DC(63)*¥XNH)/SQRT(T22)
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0119000 WARZ22M=MAP(N&4,F64,X4,Y4)
0119100 ETAHCM=MAPL(F4)
0119200 IF(RCVV .LT. .0) RCVV=.0
0119300 CSHIFT = MAP(N2,F2,RCVV,Y4)
0119400 WAR22 = (WAR22M¥*(.5+,5%¥CSHIFT))/.5
0119500 IF(IP.EQ.1) DACI(5)=¥X4
0119600 IF(IP.EQ.1) DACI(6)=WAR22
0119700 WA22C=(WAR22 *P22)/SQRT(T22)}/DC(61)
0119800 WA22I=WA22
61199060 WA22R(IP)=WA22/WA22C
0126000 WA22=WA22C
0120100 C..... COMPUTE DERIVATIVES AT STATION 13
6120200 125 DW13=WA2 - DC(18)*WA22 - DC(56)I*WAL13
0120300 PROF=(DC(8)%P13)/P2
0120400 CALL TRAT(2,PROF,GM2,TROFM1)
0120500 T13PC= (DC(9)*¥T2%(,2+DC(96)¥TROFM1/ETAOFM))/.2
0120600 T13PR(IP)=T13/T13PC
0120700 T13P=T13PC
0120800 T13PM=DC(34)*T13P
0120900 CALL PROCOM(T13PM,0.,CP13P,CV13P,GM13P,H13PM)
0121000 H13P=H13PM/DC(15)
0121100 T13M=DC(364)%T13
0121200 130 CALL PROCOM(T13M,0.,CP13,CV13,GM13,H13M)
0121300 H13=H13M/DC(15)
0121400 GM13M=(GM13-.5)/.5
0121500 DTQW13=((WA2-DC(18)*¥WA22) % (H13P-H13))/CV13+T13*¥DWI3I*¥GM13M
0121600 C..... COMPUTE BLEEDS AND COMBUSTOR AIRFLOW
0121700 135 T3M=DC(13)%T3
0121800 CALL PROCOM(T3M,0.,CP3,CV3,GM3,H3M)
0121900 FGM3=(.66572~.23396%GM3 ) *GM3+.33337
0122000 FGPT3=.5%FGM3*¥P3/SQRT(T3)
0122100 IF(KBH.GT.0) GO TO 1460
0122200 WBLHT=0.
0122300 CBLHR(IP)=1.
0122400 GO TO 145
0122500 140 WBLHT=FGPT3/DC(98)
0122600 CBLHR(IP)=(WG41-DC(30)*¥WNG4)/(DC(72)*WBLHT)
0122700 WBLHTN=(lG41-DC(30)*WG4)/(DC(72)*¥CBLHR(IP))
0122800 145 IF(KBL.GT.0) GO TO 150
0122900 WBLLT=0.
0123600 CBLLR(IP)=1.
0123100 GO TO 155
0123200 150 WBLLT=FGPT3/DC(99)
0123300 CBLLR(IP)=(WG6-DC(36)*WG41-DC(35)*WA13)/(DC(80)*WBLLT)
0123400 WBLLTN=(WG6-DC(36)*WG41-DC(35)*WA13)/(DC(80)*CBLLR(IP))
0123500 155 IF(KBV.GT.0) GO TO 160
0123600 WBLOV=0.
0123700 CBLVR(IP)=1.
0123800 GO TO 165
0123900 160 WBLOV=FGPT3/DC(100)
0124000 CBLVR(IP)=(WA22T-DC(43)*¥WA3—. 2XWBLHTN~-. 02*¥WBLLTN)/(.002*¥WBLOV)
0124100 C..... COMPUTE DERIVATIVES AT STATION 3
0124200 165 WA3IC=SQRT(P3I*(P3-P4)/T3)/DC(64)
0124300 WA3R(IP)=WA3I/WA3C
0124400 WA3=WA3C
0124500 DW3=WA22-.2¥WBLHT-.02*¥WBLLT-.002*WBLOV-DC(43)*¥WA3
0124600 H3=H3M/DC(17)
0124700 PRHC=(DC(14)%*P3)/P22
0124800 TAVHC=DC(83)*T22+DC(84)*T3
0124900 170 CALL PROCOM(TAVHC,0.,CPHC,CVHC,GMHC, HHCM)
0125000 CALL TRAT(3,PRHC,GMHC,TRHCM1)
0125100 T3IPC=(DC(12)%T22%(.2+DC(92)*TRHCMI/ETAHCM)) /.2
0125200 T3PR(IP)=T3/T3PC
0125300 T3P=T3PC
0125400 T3PM=DC(13)%¥T3P
0125500 CALL PROCOM(T3PM,0.,CP3P,CV3P,GM3P,H3PM)
0125600 H3P=H3PM/DC(17)
0125700 GM3M=(GM3-.5)7.5
0125800 DTQW3=(WA22%(H3P-H3))/CV3-T3X¥DW3I*¥GM3IM
0125900 C..... COMPUTE HP TURBINE PERFORMANCE PARAMETERS
0126000 175 X5=(DC(66)%P41)/P4
0126100 ¥Y5=(DC(67)*XNH)/SQRT(T4)
0126200 WP4=MAP(N5,F5,X5,Y5)
0126300 HP4=MAPL(F5)
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185

WG4C=(.5¥WP4*¥P4*XNH) /7 (T4*DC(65))

WG4R(IP)=WG4/WG4C

WG4=WG4C

COMPUTE DERIVATIVES AT STATION ¢

DW4=DC(23)*¥WA3-WG4+DC(44)I*UF4

TAVB=DC(85)*T3+DC(86)%T4

CALL PROCOM(TAVB,O0.,CPB,CVB,GMB,HBM)

HB=HBM*DC(22)

FARGM=(DC(20)*WF4)/WA3

T4M=DC(21)%T4

CALL PROCOM(T4M,FAR4M,CP4,CV4,GM4,H4M)

H4=H4M*¥DC(22)

GM4M=(GM4~-.5)/.5
ETABC=(-DC(23)*WA3*HB+H4*(DC(23)*¥WA3+DC(44)*¥WF4) )/ (DC(24)*WF4)
ETABR(IP)=ETABC/ETAB '
DTQW4=(DC(23)*WAI*HB-H4*(DC(23)¥WA3+DC(44)*WF4)+DC(24)IXETABXWF4) -

1 /CVG4+T4*¥DUW4G*GM4M

190

195

COMPUTE LP TURBINE PERFORMANCE PARAMTERS

P5C=P6/DC(76)

P5R(IP)=P5/P5C

P5=P5C

X6=(DC(764)*P5)/P41

Y6=(DC(75)*XNL)/SQRT(T41)

WP41=MAP(N6,F6,X6,Y6)

HP41=MAPL(F6)

WG41C=(WPG1%¥P41*¥XNL)/(T41*¥DC(73))

WG41R(IP)=WG41/KG41C

WG41=WG41C

COMPUTE DERIVATIVES AT STATION 4.1
DW41=DC(30)*¥WG4+DC(72)*¥WBLHT-WG41
DH4=(HP4*SQRT(T4)*¥XNH)/DC(87)
FAR41M=(FAR4GM*.5)/(.5+(.5+ . 04X¥FAR4M)I*¥DC(71)*WBLHT/WG4)
T41M=DC(28)*T41

CALL PROCOM(T41M,FAR41M,CP41,CV41,GM41,H41M)
H41=H41M*DC(29)

GM41M=(GM41-.5)/.5
DTQUW41=(WNG4*¥H4/DC(26)-(DC(30)*¥UG4+DC(72)*¥WBLHT)*H41+DC(68)%

1 WBLHT*H3-DC(27)*DH4*(WG4+DC(70)¥WBLHT))/CV41+T41*XDWG1%¥GMG1M

200

COMPUTE DERIVATIVES AT STATION 6
DW6=DC(35)*¥WA13~-WG6+DC(80I*¥WBLLT+DC(36)*¥WNG41
DH41=(HP41*SQRT(T41)*XNL)/DC(88)

T6M=DC(38)*T6

FAR6M =(FAR41M¥*.25)/(.25+(.5+.04*¥FAR41IMI*¥DC(37)*(WA13+DC(81)* -

1 WBLLT)/lG41)

205

CALL PROCOM(T6M,FAR6M,CP6,CV6,GM6,H6M)

H6=H6M/DC(39)

GM6M=(GM6-.5)/.5
DTQW6=(DC(31)*WA13*¥H13-(DC(35)*WA13+DC(80)*WBLLT+DC(36)*WG41)* -

1 H6+DC(32)*WG41*¥H41+DC(77)*¥WBLLT*¥H3-DC(33}*¥DH41*(WG41+ -
2 DC(79)*WBLLT))/CV6+T6X*DWN6XGM6M

.....

210

213

-----

220

COMPUTE NOZZLE PERFORMANCE PARAMETERS
POC=(.5%P0A)/DC(5)

POR(IP}=P0O/POC

P0=P0OC

POQT7=DC(111)%*P0/P7

CDN=FUN1(N7,X7,P0QT7)

CVN=FUN1L(X7)

CALL NOZZL (P0,P7,P0QT7,T7,A8,AE,CDN,CVN,WNG7M,FNM,XF)
FGR(IP)=(FG-XF)/(FNM-XF)
FNET=FNM-XMNMX¥SQRT(TOA)*¥WA2/DC(45)
IF(IP.EQ.1) DACI(21)=FNET
WG7C=(WG7M*¥DC(95))/.5

WG7R(IP)=WG7/WUG7C

WG7=NG7C

COMPUTE DERIVATIVES AT STATION 7
DW7=DC(49)*WG6-WG7+DC(55)XWF7
TAVAB=DC(89)XT6+DC(90)*T7

CALL PROCOM(TAVAB,FAR6M,CPAB,CVAB,GMAB, HABM)
HAB=HABMXDC(52)

T7M=DC(51)%T7
FAR7M=FAR6M+(DC(50)% (. 04*¥FAR6M+.5)¥WF7)/(.5%WG6)
CALL PROCOM(T7M,FAR7M,CP7,CV7,GM7,H7M)
H7=H7M*DC(52)

GM7M=(GM7-.5)/.5
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0133800 IF(IP.GT.NDRY) GO TO 224

0133900 ETAABR(IP)=1

0134000 GO TO 230

0134100 224 TF(FAR7M.GT..39762) GO TO 225

0134200 ETAAB=((.81226-.56042%¥FAR7M)¥FAR7M+.25)/.5
0134300 GO TO 226

0134400 225 ETAAB=((.75331-,.72512%FAR7M)*¥FAR7M+.29948)/.5
0134500 226 ETAABC=(-DC(49)*LG6¥HAB+H7%¥(DC(49)¥UG6+DC(55)*%WF7))/(DC(53)*¥WUF7)
0134600 ETAABR(IP)=ETAABC/ETAAB
0134700 230 DTQW7=(DC(49)*UG6¥HAB~H7*(DC(49)*¥NG6+DC(55)*¥WF7)+DC(53 ) XNF7*
0134800 1 ETARB)/CV7+T7*DW7*GMTM

0134900 C..... COMPUTE SPEED DERIVATIVES
0135000 H2=H2M/DC(7)
0135100 T22M=DC(19)*T22
0135200 235 CALL PROCOM(T22M,0.,CP22,CV22,GM22,H22M)
0135300 H22=H22M/DC(16)
0135400 DH41QC=((WA2-DC(18)*UA22)%¥(H13P-DC(9)*¥H2)/DC(41}+
0135500 1 WA22#(H22-DC(11)*¥H2)/DC(42))/(.5%(WNG41+DC(79)*¥LBLLT)/DC(93))
0135600 DH41QR(IP)=DH41QC/DH41
0135700 DH41TC=(DC(31)*WAL3*H13-(DC(35)*¥WAL13+DC(80)*¥UBLLT+DC(36)*
0135800 1 WG41)¥H6+DC(32)*WG41¥HG14DC(77)*¥WBLLT*H3)/(DC(33)I*¥(WNG41+
0135900 2 DC(79)*WBLLT))
0136000 DH41TR(IP)=DH41TC/DH41
0136100 DXNL=(,5%DH41*(lG41+DC(79)¥WBLLT)/DC(93)-(WA2-DC(18)%
0136200 1 WA22)*(H13P-DC(9)*¥H2)/DC(41)-WA22%(H22-DC(11)*H2)/DC(42))/XNL
0136300 DH4QC=(WA22*(H3P-DC(12)%H22)/DC(40))/(.5%(NG4+DC(70)*WBLHT)
0136400 1 /DC(94))
0136500 DH4QR(IP)=DH4QC/DH4
0136600 DH4TC=(LG4*¥H4/DC(26)-(DC(30)*¥WG4+DC(72 ) ¥WBLHT ) *XH41+
0136700 1 DC(68)*WBLHT*H3)/(DC(27)*¥(WG4+DC(70)XWBLHT))
0136800 DH4TR(IP)=DH4TC/DH4
0136900 DXNH=(.5%DH4*(WG4+DC(70)¥WBLHT)/DC(94)-WA22%(H3P-DC(12)*
0137000 1 H22)/DC(40))/¥NH
01371060 RETURN
0137200 END
0137300 C
0137400 C
0137500 CHXEXRNXRRXXNEFT,CONDMHXH¥XKNKXH¥
0137600 C
0137700 C
0137800 SUBROUTINE FLCOND(HT,XMO,TAS,PT,TT,PS,TS)
0137900 C THIS ROUTINE CALCULATES FLIGHT CONDITION INFORMATION
0138000 DIMENSION N1(3),N2(3),N3(3)
0138100 DIMENSION XY¥(56),X1(11),Y1(11),%X2(10),Y2(10),X3(7),Y3(7)
0138200 EQUIVALENCE (X1(1),XY(1)),(¥Y1(1),XY(12)),(X2(1),XY(23)),
0138300 * (Y2(1),XY(33)),(X3(1),X¥(43)),(¥Y3(1),XY(50))
0138400 COMMON/INL/INLET
0138500 DATA N1/2,1,11/,H2/3,1,10/,N374,1,77
0138600 DATA X1 /7.0,.05,.1,.175,.275,.35,.425, .525,.625,
0138700 1 .75,.99999/
6138800 DATA Y1 /.7348,.6346,.54585,.43180,.31062,.23922,
6138908 1 .18176,.12404,.08458,.05244,.02018/
0139000 DATA X2, .00000,.11111,.22222,.33333,.464444,.55555, -
0139100 1 .66666,.77777,.88888,.99999/
0135200 DATA Y2 /.0,.00046,.00517,.02138,.05853,.12780,
0139300 1 .24192,.41493,.66214,.99999/
0139400 DATA X3-s .00000,.11111,.22222,.33333,.444%%,.55555, -
0139500 1 .666667
6139600 DATA Y3 7.0,.05149,.13126,.27692,.33461,.45224, .57846/
6139700 TS=TAS-.2848%HT
0139800 IF(TS.LT..38999) TS=.38999
T 0139900 IF(HT.LT.0.0) HT=0.
0140000 PS=FUNI1 (N1, X1,HT)
0140100 100 TTQS= .33333 + .60000%(XMO%XMO0)
0140200 TR35=FUN1(N2,X2,TTQS)
6140300 PTQ53=TR35/.85533
0140400 ETAI=.99999
0140500 JF(INLET.NE.1) GO TO 110
0140600 IF(XMO.LE..33333) GO TO 110
0140700 XMP=¥M0-.33333
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0140800
6140900
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Cc
o

Cc

110

100
400

XPP=FUN1(N3,X3,XMP)
ETAI=.99999-.33050¥XPP
TT= (TTQS*¥TS)/.33333
PT= (ETAI*¥PTQS*PS)/.05
RETURN

END

SUBROUTINE FOOR(N,XIN)

FUNCTION-OUT-OF-RANGE ROUTINE

coMroN /I0/ IR,IW,IPNCH

WRITE(IW,400) N,XIN

FORMAT(/12HFUNCTION NO.,I3,19H INPUT OUT OF RANGE/6HXIN =
RETURN

END

FUNCTION FUNI1L(F)
FUNCTION SECOND EVALUATION ROUTINE

CH¥X*¥¥XYTN IS DUMMY ARGUMENT AND DOES NOT AFFECT RESULTS

c

0143900 C
(C 356 36 3 36 36 36 3 3 3 3 M [J N | 3% 36 3 6 3 3 3 X 3

6144000
0144100
0144200
0144300
0144400
0144500
0144600
0144700
0144800

0145900
0146000
0146100
0146200
0146300
01464600
0146500
0146600
0146700
0146800
0146900
0147000
0147100
0147200
0147300
0147400
0147500
0147600
0147700

C
C

C

100

110

120
130
140
15¢0
160
180

190
200

N=0
FUN1L=FUN1(N,F,XIN)
RETURN

END

FUNCTION FUN1(N,F,XIN)
FUNCTION EVALUATION ROUTINE
DIMENSION N(1),F(1)
IF(N(1).EQ.0) GO TO 200
I=N(2)

NXP=N(3)

X1=XIN-F(I)
IF(X1.GT..0) GO TO 110
IF(X1.EQ..0) GO TO 120
IF(I.LE.1) GO TO 140
I=I-1

GO TO 100
X2=XIN-F(I+1)
IF(X2.LT..0) GO TO 180
IF(X2.EQ..0) GO TO 130
I=I+1

IF(I.GE.NXP) GO TO 150
X1=X2

GO TO 110

XFRAC=.0

GO TO 190

XFRAC=1.0

GO TO 190

XFRAC=.0

GO TO 160

XFRAC=1.0

I=I-1

CALL FOOR(N,XIN)

GO TO 190
XFRAC=X1/(X1-X2)
N(2)=I

I=T+NXP
FUN1=F(I)+XFRAC*¥(F(I+1)-F(I))
RETURN

END

»F7.57)
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100

110

120
130
140
150
160

180
190

200

210

220
230
240
250
260

280
300

350

FUNCTION MAP(N,F,XIN,YIN)
MAP EVALUATICON ROUTINE
DIMENSION N(1),F(1)

REAL MAP

IF(N(1).EQ.0) GO TO 400
I=N(2)

J=H(3)

NXP=N(4)

NYC=N(5)

NPROD=NYC¥NXP
Y1=YIN-F(J)

IF(Y1.GT..0) GO TO 110
IF(Y1.EQ..0) GO TO 120
IF(J.LE.1) GO TO 140
J=J-1

GO TO 100

Y2=YIN-F(J+1)
IF(Y2.LT..0) GO TO 180
IF(Y2.EQ..0) GO TO 130
J=J+1

IF(J.GE.NYC) GO TO 150
Y1l=Y2

GO TO 110

YINCR=.0

GO TO 190

YINCR=.99999

GO TO 190

YINCR=.0

GO TO 160

YINCR=.99999

J=J-1

CALL MOOR(N,XIN,YIN)

GO TO 190
YINCR=Y1/(Y1-Y2)
KX=J¥NXP+NYC+I
LY=KX-NXP
XLO=F(LX)+YINCR*(F(KX)-F(LX))
IF(XIN.GT.XLO) GO TO 210
IF(XIN.EQ.XLO) GO TO 220
IF(I.LE.1) GO TO 240
I=I-1

LX=LX-1

KX=KX-1

GO TO 200
XHI=F(LX+1)+YINCR¥(F(KX+1)-F(LX+1})
IF(XIN.LT.XHI) GO TO 280
IF(XIN.EQ.XHI) GO TO 239
I=I+1

IF(I.GE.NXP) GO TO 250
LX=LX+1

KX=KX+1

XLO=XHI

GO TO 210

XFRAC=.0

GO TO 300

XFRAC=.99999

GO TO 300

XFRAC=.0

GO TO 260

XFRAC=,99999

I=I-1

CALL MOOR(N,XIN,YIN)

GO TO 300
XFRAC=(XIN-XLO)/ (XHI-XLO)
N(3)=g

N(2)=T

LZ=LX+NPROD

KZ=LZ+NXP
ZL=F(LZ)+YINCR¥(F(KZ)-F(LZ))



156000

400

c

ZH=F(LZ+1)+YINCR*(F(KZ+1)-F(LZ+1))
MAP=ZL+XFRAC*(ZH-ZL)

RETURN

LZ=LZ+NPROD

KZ=LZ+NXP

GO TO 350

END

STO1G6100 CXXXXKXKKKREXMAPINN¥¥KKKRKRKXK
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SUBROUTINE MAPIN
THE ROUTINE DOES THE INITIALIZATION AND READ IN OF MAP DATA
ALSO CALCULATES SOME DIGITAL COEFFICIENTS

COMMON /IO/IR,IW,IPNCH

COMMON /NMAPS/F1(322),F2(322),F3(854),F4(518),F5(224),F6(224), -

1 N1(5),N2(5),N3(5),N4(5),N5(5),N6(5)

COMMON /AVARS/ CC(50),DACI(24),DC(125),XC(6),YC(6),Z2C(12),UDC(125)

COMMON /SVARS/ BSCIVV,BSRCVV,SFA8,SFAE,SFALT,SFCIVV,SFDH4,SFDH41, -
SFFG,SFFN,SFP0,SFP13,SFP2,SFP22,5SFP3,SFP4%,SFP41, -
SFP5,SFP6é,SFP7,SFRCVV,SFT0,SFT13,S8FT2,5FT22,SFT3, -
SFT4,SFT41,SFT6,SFT7,SFVEL,SFWAL13,S5FWA2,SFWA22, -
SFWA3,SFWF4,SFWF7,SFWG4,SFWG41,SFWG6 , SFRG7, SFXMN, -
SFXNH, SFXNL

rmoQo™

WRITE(IW,500)

*¥READ AND SCALING OF PERFORMANCE DATA

CALL DATAIN(NI1,F1)

DO 10 N=1,2

READ(IR,501) XC(N),YC(N),ZC(N)

READ(IR,501) XC(3),YC(3),(ZC(N),N=3,6)

DO 15 N=4,6
K1=2%H-1

K2=2*N

READ(IR,501) XC(N),YC(N),ZC(K1),ZC(K2)
¥¥READ SCALE FACTORS

READ(IR,502) SFPO,SFP2,SFP13,SFP22,SFP3,SFP4,SFP41,SFP5,5FP6,3FP7,-
1 SFT2,SFT13,8FT22,SFT3,SFT4,SFT41,SFT6,SFT7,SFWA2,SFWAL3,SFWA22, -
2 SFWA3,SFWG4,SFWRG41,SFNG6,SFWG7,SFDHG, SFDH41, SFFN, SFXNL, SFXNH, -
3 SFWF4%,SFWF7,SFA8,SFAE,SFALT,SFXMN,BSCIVV,SFCIVV,BSRCVV,SFRCVV -
4 ,SFVEL,SFTO0,SFFG

WRITE(IW,503)

WRITE(IW,504)

WRITE(IW,505)

WRITE(IW,506)

WRITE(IW,507)

WRITE(IW,508)

WRITE(IMW,509)

WRITE(IW,510)

WRITE(IW,511)

WRITE(IW,512)

WRITE(IN,513)

WRITE(IW,514)

WRITE(IW,502) SFPO,SFP2,SFP13,SFP22,SFP3,SFP4,SFP41,SFP5,5FP6,
1 SFP7,SFT2,SFT13,S8FT22,SFT3,SFT4,SFT641,SFT6,SFT7,SFWA2,S5FWALS,
2 SFWA22,SFWA3,SFWG4,SFWNG41,SFWNG6,SFWG7,SFDH4, SFDH41,SFFN,SFXNL,
3 SFXNH,SFWF4,SFWF7,SFA8,SFAE,SFALT, SFXMN, BSCIVV,5FCIVV, BSRCVV,
4 SFRCVV,SFVEL,SFTO0,SFFG

CH%¥%%¥¥COMPUTE DIGITAL COEFFICIENTS FROM SCALE FACTORS

25

DO 25 I=1,125

DC(I)=.0

CONTINUE

DC(1)= SFALT/80000.
DC(2)= SFXMN/3.0
DC(3)=SFP2/80.
DC(4)=SFT2/2000.
DC(5)=SFP0/40.
DC(6)=.4¥DC(4)
DC(7)=SFT2,3000.
DC(8)=SFP13/(15.%SFP2)
DC(9)=SFT2/SFT13
DC(10)=SFP22/(15.%SFP2)
DC(11)=SFT2/SFT22
DC(12)=SFT22/5FT3
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0162600
0162700
0162800
0162960
0163000
0163100
0163200
0163300

0165400
0165500
0165600
0165700
0165800
0165900
0166000
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0166200
0166300
0166400
0166500
0166600
0166700
0166800
0166900
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0167300
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0167500
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0167800
0167900
0168000
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0168300
0168400
0168500
0168600
0168700
0168800 C
0168900 C
0169000C
0169100 C
0169200C
0169300CC

Qo

500
501
502
503
504
505
506
507
508
509
510
511
512
513
514

DC(13)=SFT3/5000.
DC(14)=SFP3/(15.%SFpP22)
DC(15)=SFT13/3000.
DC(16)=SFT22/3000.
DC(17)=SFT3,/3000.
DC(18)=SFWA22/SFWA2
DC(19)=.6*%DC(16)
DC(20)=SFWF4/(.08%SFWA3)
DC(21)=SFT4/5000.
DC(22)=3000./SFT4
DC(23)=SFWA3/SFUG%
DC(24)=(37000.*SFWF4)/(SFT4%¥SFNG4)
DC(25)=SFT3/SFT4
DC(26)=(SFT41*¥SFUG41)/ (SFT4*¥SFWGG)
DC(27)=(SFDH4¥SFWG4 )/ (.5%¥SFT41¥SFIG4G])
DC(28)=SFT41/5000.
DC(29)=3000./SFT41
DC(30)=SFWG4/SFUG41
DC(31)=(SFT13*SFWA13)/(SFT6*SFWG6)
DC(32)=(SFT41%¥SFHG41)/(SFT6*SFWG6 )
DC(33)=(SFDH41*SFWG41)/(.5%SFT6*SFWG6)
DC(34)=.6%DC(15)

DC(35)=SFWA13/SFUG6
DC(36)=SFWG41/SFUG6
DC(37)=.5%SFUA13/5FWNG4]
DC(38)=SFT6/5000.

DC(39)=SFT6,3000.
DC(40)=(SFDH4XSFUG4 )/ (.5%SFT3I*¥SFUA22)

DC(41)=(SFDH41%*SFWG41)/(.5%SFT13%SFWA2)
DC(42)=(SFDH41*¥SFWG41)/(.5%SFT22%SFWA22)
DC(43)=SFWA3/SFWAR22

DC(44)=SFWF4/SFRG4

DC(45)=SFFN/ (SFXMN*¥SQRT(SFT0)*SFWA2%1.52317)
DC(49)=SFHNG6/SFWG?

DC(50)=SFWF7/(.08*SFWG6)

DC(51)=SFT7/5000.

DC(52)=3000./SFT7

DC(53)=(37000.%*SFWUF7)/(SFT7*SFWNG7)

DC(54)=SFT6/SFT7

DC(55)=SFWF7/SFUG7

DC(56 )=SFWA13/SFLA2

FORMAT(3X,36HCOMPONENT AND VARIABLE GEOMETRY DATA///)
FORMAT(6F8.2)

FORMAT(5F12.5)

FORMAT(1H1)

FORMAT(3X,23HSCALE FACTOR INPUT DATA’)
FORMAT(6X,2HP0,10X,2HP2,10X%, 3HP13, 9X, 3HP22, 9X, 2HP3)
FORMAT(6X,2HP4, 10X, 3HP41, 9X, 2HP5, 10X, 2HP6, 10X, 2HP7)
FORMAT(6X,2HT2,10X, 3HT13, 9X, 3HT22, 9X,2HT3, 10X, 2HT4)
FORMAT(6X,3HT41,9X,2HT6,10X,2HT7,10%, 3HWA2, 9X,4HWA13)
FORMAT(6X,4HWA22,8X, 3HWA3, 9%, 3HWGS, 9%, 6HWG41,8X, 3HWG6 )
FORMAT(6X, 3HWG7, 9X, 3HDH4, 9X, 4HDH41, 8X, 2HFN, 10X, 3HXNL)
FORMAT(6X, 3HXNH, 9K, 3HWF4, 9X, 3HWF7, 9%, 2HA8, 10X, 2HAE)
FORMAT(6X, 3HALT, 9X, 3HXMN, 9%, 5HRCIVV, 7X, 4HCIVV, 8X, 5SHBRCVV)
FORMAT(6X,4HRCVV,8X, 3HVEL, 9X, 2HT0, 10X, 2HFG)

FORMAT(/)

RETURN

END
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FUNCTION MAPL(F)

MAP SECOND EVALUATION ROUTINE

REAL MAPL,MAP

XIN AND YIN ARE DUMMY ARRGUMENTS AND DO NOT AFFECT RESULTS
N=0

MAPL=MAP(N,F,XIN,YIN)

RETURN

END
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0170100
0170200
0170300C
0170400
0170500C

0172100
0172200

0172300
0172600
0172500
0172600
0172700

0172800
0172900

0173000
0173100
0173200
0173300
0173400
0173500
0173600
0173700
0173800
0173900
0174000
0174100
0174200
0174300
0174400
0174500
0174600
0174700
0174800
0174900
0175000
0175100
0175200
0175300
0175400
0175500
0175600
0175700
0175800
6175900
01760600
0176100
0176200
0176300
0176400
0176500
0176600
0176700
0176800
0176900
0177000
0177100
0177200
0177300

c
c

c

600
601

SUBROUTINE MOOR(HN,XIN,YIN)

MAP-OUT-OF-RANGE ROUTINE

COMMON/IO0/IR,IW,IPNCH

WRITE(IW,600) N

FORMAT(3X,7HMAP NO.,I3,20H INPUTS OUT OF RANGE)
WRITE(IW,601) XIN,YIN

FORMAT(3X,6HXIN = ,F7.5,8H YIN = ,F7.5/)
RETURHN

END
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SUBROUTINE NOZZL (P0,P7,P0QT7,T7,A7,R8,CD7,CV8,W7,F8,XF)
THIS ROUTINE CALCULATES NOZZLE INFORMATION FOR
CONVERGENT-DIVERGENT NOZZLE COFIGURATIONS

COMMON /AVARS/ CC(50),DACI(24),DC(125),XC(6),YC(6),Z2C(12),UDC(125)

DIMENSION N1(3),N2(3),N3(3)

DIMENSION XY(135) X1(15) Y1(15),X2(15),Y21(15),Y22(15), -

X3(15), Y31(15) (15) Y33(15)

EQUIVALEHCE (Xl(l) XY(1) 1(1),XY(16)).(X2(1),XY(31)), =
(Y21(1),XY(4 (Y22(1),XY(61)),(X3(1),XY(76)) -
(Y31(1),XY(9 (Y32(1),XY(106)) (Y33(1) XY(12 ))

DATA N1/6,1;15/,N2/7,1,15/pN3/8,1,15/

DATA X1/ -
.50000,.50035,.50155,.50645,.51185,.52350,.53405,.54715,
.56780,.59410,.64320,.70090,.75035,.91145,1.0000/

DATA Y1/ -
.52828,.54691,.56578,.60412,.63000,.66905,.69507,.72092,
.75283,.78400, .82589%,.85958,.88065,.92312,.93611/

DATA X2/ -
.52828,.54691,.56578, .60412,.63000,.66905,.69507,.72092,
.75283,.78400, .82589, .85958, .88065,.92312,.93611/

DATA Y21/ -
.50000,.487640,.47462,.4%851,.43070,.40338,.38479,.36589,
.364187,.31740, .28246,.25192,.23128,.18410,.16698~/

DATA Y22/ -
.50000,.50035,.50155,.50645,.51185,.52350,.53405,.54715,
.56780,.59410,.64320,.70090,.75035,.91145,1.0000/

DATA X3/ -
.50000,.50395,.50870,.51520,.52335,.53315,.54450,.55745,
.58810,.60575,.64610,.71950,.77760,.88000,1.0000/

DATA Y31/ -
.20000,.22000,.23000,.24000,.25000,.26000,.27000,.28000,
.30000,.31000,.330600,.36000,.38000,.41003,.43942/

DATA Y32/ -
.52828,.46835,.43983,.41238,.38606,.36092,.33697,.31424,
.27240,.25320,.21839,.17404, .14924,.11823,.09396/

DATR Y33/ -
.50000,.54062,.56015,.57%15,.59760,.61555,.63300,.64995,
.68230,.69775,.72720,.76800,.79305,.82765,.85835/

XF=0.0

, Y32
), (Y
6)),
1))

¥¥CALC AREA RATIO

A8Q7 = DC(110)*A8/A7
PEQ7=FUN1(N1,X1,A8Q7)

¥¥*¥SUBSONIC FLOW

ATXX =A7

IF (P0QT7 .LT. PEQ7) GO TO 10
XMX=FUN1(N2,X2,P0QT7)

PTOL = ABS(POQT7 - PEQ7)

IF (PTOL .LE. .0005) GO TO 100
AEQTXX=FUNIL(X2)

ATXX = A8/AEQTXX

GO TO 100

*¥%¥¥SUPERSONIC FLOW AND SONIC FLOW FOR CONV-ONLY.NOZZLE
10 IF (A8Q7 .LE. 0.5) GO TO 30

YMN=FUH1(N3,X3,A8Q7)

PEQ7=FUNI1L(X3)
POYQX=(XMN*(XMN/.72217~.07958)/.4}+.08956
PYQX=(XMN*(XMN/.8571¢)/.4)~.01667
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0177400

POYQOX=(XMN*(-XMH/.87600+.40163)/.2)+.83626

0177500 PYQRT = (PYQX ¥ POYQOX)/POYQX
0177600 IF (P0QT7 .GT. PYQT) GO TO 40
0177700 XMX=FUN1L(X3)
0177800 C ¥REGIME V
0177900 20 PE=P7¥PEQ7/DC(111)
0178000 XF=(A8*(PE-P0))*DC(112)
0178100 GO TO 100
0178200 30 ¥MX=0.5
0178300 GO TO 20
0178400 C ¥REGIME IIT
0178500 40 IF(ABS(A8Q7-.563645) ._LE. .0005) GO TO 50
0178600 XMX= .85585 + (POQT7*((-.6412563 + .17418 ¥ POQT7))/ .4
0178700 XSHFT = 0.0
0178800 IF (A8Q7 iGT.5.6) XSHFT = .61755 + A8Q7 *(A8Q7*(A8Q7%(-.12575)+.38380)+
(-.44263))/.2
0178900 IF(A8Q7 .LT. .6) XSHFT = (-.53378%A8Q7)+.31910
0179000 AMH=KMR+ASHFT
01793100 GO TO 100
0179200 50 XMX= .88080+(POQT7%((-.41488)+.17255%POQT7))/.4%
0179300 C **¥VELOCITY,FLOW,AND THRUST CALCULATIONS
0179400 100 VE = XMX*SQRT(T7)*¥CV8/DC(113)
0179500 105 W7 = (ATXX¥P7)/SQRT(T7) * CD7 / DC(115)
0179600 F8 = W7¥VE/DC(116) + XF
0179700 500 RETURN
0179300 END
0179900 C
0130000 C
0180100 CXXEMNNMNRKRXDRTNTHNNH*¥NNNXH
0180200 C
0180300 C
0180400 SUBROUTINE PRINT(IPRINT)
0180500 C THIS ROUTINE PRINTS THE OPERATING POINT DATA,
0180600 C ADC AND DAC VALUES, SCALED AND UNSCALED
0180700 C ENGINE VARIABLES, AND ERROR RATIO INFORMATION
0180800 DIMENSION DDC(125),GLD(125),ZD(125),FD(125)
0130900 INTEGER PLA,ADDR,GAIN(10),GLD,ZD,FD,KBLWHT,KBLWLT
0181000 COMMON /INL/ INLET
0181100 COMMON /I0/ IR,IW,IPNCH
0181200 COMrON #IVARS/ IP,JP,JPA,JPD,KBH,KBL,KBV,NAUG,NDRY,NTOTAL, PLA
0181300 COMMON /AVARS/ CC(50),DACI(24),DC(125),XC(6),YC(6),ZC(12),UDC(125)
0181400 COMON /RVARS/ CBLHR(50),CBLLR(50),CBLVR(50),DH4QR(50),DH4TR(50), -
0181500 A DH41QR(50),DH41TR(50),DP13R(50),DP6R(50),ETAABR(50), -
01831600 B ETABR(50),FGR(50),POR(50),P2R(50),P22R(50), -
0181700 Cc PSR(50),T13PR(50),T2R(50),T22R(50),T3PR(50), -
0181800 D WA2R(50),MA22R(50),WA3R(50),WG4R(50),NG41R(50), -
0181900 E HG7R(50)
0182000 COMMON /ANVARS/ AQL13,AQL6,SFT,SFW13,SFW3,SFW4,SFW41,SFNG,SFW7, -
0182100 1 W13,W3,W4, )61, W6,W7,S113,SW3,SW4,8W41,S16,SH7, -
0182200 A v13,v3,v4,V641,V6,V7,XIH,XIL,PADR(53),PVAL(53), -
0182300 B IG(10),AADR(16)
0182400 COMMON /SVARS/ BSCIVV,BSRCVV,SFA8,SFAE,SFALT,SFCIVV,SFDHG,SFDH41, -
0182500 A SFFG,SFFN,SFP0,SFP13,SFP2,SFP22,SFP3,SFP4,SFP41, -
0182600 B SFP5,SFPé,SFP7,SFRCVV,SFT0,SFT13,SFT2,S5FT22,SFT3, -
0182700 c SFT4,SFT41,SFT6,SFT7,SFVEL,SFWA13,SFWA2,SFWAZ2, -
0182800 D SFWA3,SFWF4, SFWF7,SFWNG4,SFNG41, SFRGS, SFUG7 ,SFXMN, -
0182900 E SFYNH, SFXNL
0183000 COMMON /XVARS/ R1(50),R2(50),A3(50),A4(50),A5(50),A6(50),A7(50), -
0183100 1 A81(50),A9(50),A10(50),A11(50),A12(50),A13(50), -
0133200 2 Al4(50),A15(50),A16(50),A17(50),A18(50)3,A19(50), -
0183300 3 A20(50),A21(50),A22(50),A23(50),A24(50),A25(50), -
0183400 4 R26(50)
0183500 EQUIVALENCE (ARS8 » A1C 1)),(AE » ALIC 2)), (ALT » ALC 3)), -
0183600 1 (ALTM , Al(C 4))
0183700 EQUIVALENCE (CD7 » A3(C 1)), (CDN » A3C 2)),(CIVV , A3C 3)), -
0183300 2 (CP13 , A3( 4)),(CP13P , A3( 5)),(CP2 » R3C 6)), -
0183900 2 (CP22 , A3( 7)),(CP3 » A3C 8)),(CP3P , A3(C 9)), -
0184000 3 (CP& » A3(C 10)),(CP41 , A3( 11)),(CPs » A3C 12)), -
01864100 4 (cp7 » A3C 13)),(CPAB , A3( 14)),(CPB » A3C 15)), -
0184200 5 (CPHC , A3( 16)),(CSHIFT, A3( 17)),(CV13 , A3( 18))
0184300 EQUIVALENCE (CV13P , A3( 19)),(CV2 » A3( 20)),(Cv22 , AR3( 21)), -
0184400 7 (Cv3 » A3( 22)),(CV3P , A3( 23)),(CV4 » A3(C 24)), -
184500 8 (cv4l , A3( 25)),(CV6 » A3C 26)),(CV7 » A3(C 27)), -
0184600 9 (Cvs » A3( 28)),(CVAB , A3( 29)),(CVB » A3C 30)), -
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0184700
0184800
6184900
0185000
0185100
0185200
0185300
0185400
0185500
0185600
0185700
0185800
0185900
0186000
0186100
0186200
0186300
0186400
0186500
0186600
0186700
0186800
0186900
0187000
0187100
0187200
0187300
0187400
0187500
0187600
0187700
0187800
0187900
0188000
0188100
0188200
0188300

0188400
0188500
0188600
0188700
0188800
0188900
0189000
0189100
0189200
0189300
0189400
0189500
0189600
0189700
0189800
0189900
0190000
0190100
0190200

A (CVHC , A3(

EQUIVALENCE (DH4 » A4l
1 (DTQW3 , A4(
2 (DTQR6 , A4(
3 (DW3 » RG(
4 (DW6 » B4G(
5 (DXNL , A4(

EQUIVALENCE (ETAAB , A5(
1 (ETAIFM, AS5(

EQUIVALENCE (FAR4M , A6(
1 (FAR7M , BR6(
2 (FGPT3 , A6(
3 (FNM » A6(

EQUIVALENCE (GM13 , A7(
1 (GM2 » A7(
2 (GMaM , A7(
3 (GM41 , A7(
4 (GM6 » A7(
5 (GM7M , R7(
6 (GMHC , A7(

EQUIVALENCE (H13 »A81(
1 (H13PM ,A81(
2 (H2M »A81(
3 (H3M »A81(
4 (H¢ »A81(
5 (H41M ,A81(
6 (H7 »A81(
7 (HABM ,A81(
8 (HHCM  ,A81(

EQUIVALENCE (KBLWHT,A11(

EQUIVALENCE (PE »A16(
1 (POQT7 ,Al6(
2 (P2A »ALl6(
3 (P3 »A16(
4 (P5 »AL6(
5 (PRHC ,Al6(

EQUIVALENCE (RCVV ,A18(
1 (RTT4 ,A18(

EQUIVALENCE (TOA »R20(
1 (T13P ,A20(
2 (T2A »A20(
3 (T22M ,A20(
4 (T3P »R20¢
5 (T4M »A20¢(
6 (T6 »A20¢(
7 (T7M »A20(
8 (TAVB ,R20(
9 (TRIFM1,R20(

EQUIVALENCE (WA13 ,A23(
1 (WAR3 »A23(
2 (WAR22 ,A23(
3 (WBLLT ,A23(
4 (WF7 »A23(
5 (WG6 »A23(
6 (WP4 »A23(

EQUIVALENCE (X3 »A24(
1 (X6 »A26(
2 (XMNM  ,A24(

EQUIVALENCE (Y3 »A25¢(
1 (Y6 »A25(

IPRINT=IPRINT+1
GO TO (10,20,30),IPRINT
CXXXXXXPRINT OUT OF INPUT DATA
10 CONTINUE
WRITE(IW,502)
WRITE(IW,510)IP,PLA
WRITE(IW,511)
WRITE(IW,512)
WRITE(IW,513)
WRITE(IW,514)
WRITE(IW,515)
WRITE(IW,516)
WRITE(IW,517)
WRITE(IW,518)

3133, (CVN » A3(
1)), (DH41 , A4(
%)), (DTQWG , A4(
7)),(DTQW7 , A4(

10)), (DK » A4(

13)), (DW7 » A4(

16))

1)), (ETAB , A5(
%)), (ETAOFM, AS5(
1)), (FARG1M, A6(
4)), (FG » B6(
7)), (FN » B6(

103), (FSHIFT, A&6(
13),(6GM13M , RA7(
4)),(GM22 , A7(
7)),(GM3P , AI(

10)),(6M4M  , A7(

13)),(GM6M , A7(
16)),(GMAB , A7(

19))

1), (HI3M ,A81(
%)), (H2 »A81(
7)),(H22M  ,AB1(

10)), (H3P »A81¢(

13)), (Ha4l »A81(

16)), (H6 »A81(

19)),(H7M »A81(

22)), (HB »A81(

25)), (HP4 »A81(
1)), (KBLWLT,A11(
1)), (PO »A16(
4)), (P13 »A16(
7)),(P22 »Al6(

10)), (P4 »Al6(

133)),(P6 »A16(

16)), (PRIF ,Al6(
1)),(RTT2 ,A18¢(
%)), (RTT41 ,Al8(
1)),(T13 »R20(
%)), (T13PM ,A20(
7)),(T2M »A20(

10)),(T3 »A20(

13)),(T3PM ,R20(
16)),(T41 »A20(
19)),(Té6M »A20¢(

22)), (TAM »R20¢(

25)), (TAVHC ,A20(

28)), (TROFM1,A20(
1)), (WA2 »A23(
4)), (WAR2 ,A23(
7)), (WAR22M,A23(

10)), (WBLOV ,A23(

1333, (WG4 »A23(

163, (KG7 »A23(

19)),(WP41 ,A23¢(
1)),(Xa »A26(
%)), (XF »A26(
7)), (XNH »R24(
1)),(¥4 »A25¢(
%))

32))

2)),(DTQN13, BA4(
5)),(DTQW4L, A&(
8)),(DWN13 , A4(
11)),(DW41 , RA4(C
14)), (DXNH , A4(
2)), (ETRHCM, AS5(
5))

2)),(FAR6M , A6(
5)),(FGM3 , BA6(
8)),(FNET , RA&(
11))

2)),(GM13P , RA7(
5)),(GM3 » R7(
8)),(GM4 » B7(
11)),(GM41M , A7(
14)),(GM7 » R7(
17)),(GMB » A7(
2)),(H13P ,A81(
5)),(H22 »A81(
8)),(H3 »A81(
11)), (H3PM ,A81(
14)3, (H4M »A81(
17)), (H6M »A81(
20)), (HAB »A81(
23)), (HBM »A81(
26)), (HP41 ,A81(
2))

2)),(POA »AL16(
53), (P2 »AL16(
8)),(P22Q2M,A16(
11)), (P41 »Al6(
14)),(P7 »AL16(
17)),(PROF ,Al6(
2)), (RTT22 ,A18(
5))

23),(T13M ,R20¢(
5)),(T2 »A20¢(
8)),(T22 »R20¢(
11)),(T3M »A20(
14)), (T4 »A20(
17)),(T41M  ,A20(
203),(T7 »R20¢(
23)), (TAVAB ,A20¢(
26)), (TRHCM1,A20¢(
29))

2)),(WR22 ,R23(
5)), (WAR2M ,R23(
8)), (WBLHT ,A23(
11)), (WF4 »A23(
14)), (WG4l ,A23(
17)), (WG7M  ,A23(
20))

2)), (X5 »A24(
5)), (XMN »A24(
8)),(XNL »A26(
2)),(Y5 »A25¢(
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0

0

e

0

0
0192600
0192700
0192800
0192900
0193000
0193100
o
0
¢
0

193400

193500
0193600
0193700
0193800
6193900
0194000

\O
[}

WRITE(IW,519)

WRITE(IW,520) poO,P2,P13,P22,P3,P4,P41,P5,P6,P7,TAM,T2,T13,T22,T3,
1 T4,T41,T6,T7,WAR2,WA13,WA22,WA3,WG%,WG4]1,NG6,WG7,DH4,DH4,ETAB,

2 ETAAB,FN,XNL,XNH,WF4,WF7,A8,AE,ALT, XMN, CDN, CVN,CIVV,RCVV,FG

CH¥HHK
20

1

2

3

7

1

2

3

4

5

7

3

9

*

1

WRITE(IW,501)
RETURN
¥PRINT OUT OF
WRITE(IW,521)
WRITE(6,2270)
WRITE(6,2500)
P6
WRITE(6,2280)
WRITE(6,2500)
T4l
WRITE(6,2290)
WRITE(6,2500)
XNL
WRITE(6,2300)
WRITE(6,2500)
AE
WRITE(6,2310)
WRITE(6,2500)
TAM
WRITE(IW,501)
WRITE(IW,522)
WRITE(6,2320)
WRITE(6,2500)
WRITE(6,2330)
WRITE(6,2544)
’ DW3
WRITE(6,2340)
WRITE(6,2544)

ENGINE DATA

P13,

P7,

T6,

XNH,

ALT,

Pz,
X4,

DTQU3,

DTQW41

WRITE(6,2350)
WRITE(6,2544)

DXNL

WRITE(6,2360)
WRITE(6,2544)
WRITE(IW,502)
WRITE(IW,523)
WRITE(6,2370)
WRITE(6,2500)

PoA
WRITE(6,2380)
WRITE(6,2500)
’ WA2
WRITE(6,2390)
WRITE(6,2500)

GM2
WRITE(6,2400)
WRITE(6,2500)

P22
WRITE(6,2410)
WRITE(6,2500)

DWs6,

DXNH

ALTHM,

Y3,

RTT2,

H2N,

PRIF,

RTT22

WRITE(6,2420)
WRITE(6,2500)
WRITE(6,2430)
WRITE(6,2500)

ETAHCHM,
CPHC,

TRHCM1

WRITE(6,2440)
WRITE(6,2500)

Cv3
WRITE(6,2450)
WRITE(6,2500)

T3P,

GM3,

CP13P

WRITE(6,2460)
WRITE(6,2500)

CvV13p,

T13M

WRITE(6,2470)
NRITE(6125g0)

13
WRITE(6,2480)
WRITE(6,2500)

CP13,

T22M,

P3,

T13,

T7,

WF4,

XMN,

T2,
WAR22,

DW4,

DTQWS6,

XMNM,

ETAOFM,

T2M,

PROF,

TRIFM1,

Whz22,
CVHC,

WA3,

H3M,

GM13P,

cvls3,

cp22,

P4,

T3,

WA13,

WF7,

Civv,

X3,
DW13,

DTQWS4,

DW7,

P2A,

P22Q2M,

cpre,

TROFM1,

T22,

PRHC,
GMHC,

3N,

H3,

H13PM,

GM13,

cvzaez,

P41, -

T{f’ -

WG, -

A8, -

RCVV, -

WARZ2
DTQW13-

DW4l, -

DTQW7, -

T2A, =

ETAIFM-

cvz2 » =

T13P,

Y4, =

TAVHC

HHCM,

cr3, =

T13PM,

H13P,

H13M,

t

GM22,



OO OOD
[SNSENIN RN Rl

o
N

020

0202100
0202200
0202300
0202400
0202500
0202600
0202700
0202800
0202900
0203000

0204200
0204300
0204400
0204500

__ 0204600
0204700
0204800
0204900
0205000
0205100
0205200
0205300
0205400
0205500
0205600
0205700
0205800
0205900
02060
0206
0206
0206
0206
0206
0206
0206

G0
00
00
00
60
60
00
00
0206800

NN DU~

2 H22M
WRITE(6,2490)
WRITE(6,2500) H22,

3 GM3P
WRITE(6,2140)
WRITE(6,2500) H3PM,

4 CP4
WRITE(6,2150)
WRITE(6,2500) CV4,

5 TAVB
WRITE(6,2160)
WRITE(6,2500) CPB,

6 HB
WRITE(6,2170)
WRITE(6,2500) X5,

7 HP4
WRITE(6,2180)
WRITE(6,2500) WG4,

8 Cv4l
WRITE(6,2190)
WRITE(6,2500) GM41,
9 FAR6M
WRITE(6,2200)
WRITE(6,2500) T6M,

* H6M
WRITE(6,2210)
WRITE(6,2500) H6,

1 CP7
WRITE(6,2220)
WRITE(¢,2500) CV7,

2 TAVAB
WRITE(6,2230)
WRITE(6,2500) CPAB,
3 HAB
WRITE(6,2240)
WRITE(6,2500) CVN,

4 WG7
WRITE(6,2250)
5NRITE(6»25$2) ETAAB,
WRITE(6,2260)
WRITE(6,2500) WP&1,

6 ' TAM
WRITE(6,2265)
WRITE(6,2500) WBLHT,
7 FNM
WRITE(IW,501)
WRITE(IW,501)
WRITE(IW,524)
P0=P0*SFP0
P2=P2%SFP2
IF(IP.EQ.1) P2D=P2
P13=P13%SFP13
P22=P22%SFPpP22
IF(IP.EQ.1) P22D=P22
P3=PIXSFP3I
P4=P4XSFP4
P41=P41%SFP41
P6=P6XSFP6
P7=P7¥SFP7
T2=T2*SFT2
IF(IP.EQ.1) T2D=T2
T13P=T13P*SFT13
T13=T13*SFT13
T22=T22%SFT22
IF(IP.EQ.1) T22D=T22
TAVHC=TAVHC*5000.
T3IP=T3IPXSFT3
T3=T3I*SFT3
TAVB=TAVB*5000.
T4=T4*SFT4
T41=T41%¥SFT41
T6=T6¥SFT6
TAVAB=TAVAB¥*5000.

T3PM,
H3P,
GM4,
CVB,
Y5,
FAR41M,
H41M,
CPé6,
ETAB,
GM7,
CVAB,
PO,
H2,
HP41,

WBLLT,

CP3P,
T4M,
H4M,
GMB,
RTT4,
T41M,
H41,
cve,
T7M,
H7M,
GMRB,
CDN,
RTT41,
WG41,

WBLOV,

Ccvip,

FAR4GNM,

H4,

HBM,

WP4,

CP41,

DH4%,

GM6,

FAR7NM,

H7,

HABM,

WG7M,

X6,

DH41,

FNET,
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0206900
0207000
0207100
0207200
0207300
0207400
0207500
0207600
6207700
0207800
0207900
0208000
0208100
0208200
0208300
0208400
0208500
0208600
0208700
0208800
0208900
0209000
0209100
0209200
0209300
0209400
0209500
0209600
0209700
0209800
0269900
_ 0210000
0210100
0210200
0210300
06210400
0210500
0210600
0210700

CcCoocooo
PPN N
bt ot o o ot et et
bl et e e ot D O
WO OL®
(== R N i oo Nen Nen ]
cooocoo

o
o
(=)

0211500
0211600
0211700
0211800
02119060
0212000
0212100
0212200
0212300
0212400
0212500
0212600
0212700
0212800
0212900
0213000
0213100
0213200
0213300
0213400
0213500
0213600
0213700
0213800
0213900
0214000
0214100
0214200

98

7

8

S

*

1

2

3

4

T7=T7*SFT7
WAZ2=WAZX¥SFWA2
IF(IP.EQ.1) WA2D=WA2

WRARZ2=WAR2*¥ZC(3)*WAZ2DX¥SQRT(T2D)I*CC(4)/P2D/1.56497

WA22=WR22*¥SFWA22
IF(IP.EQ.1) WA22D=WA22

WAR22=WAR22*ZC(4)XCC(8)*WA22D*SQRT(T22D)/P22D/1.5497

WA3=WA3I*¥SFUA3Z

WAL3I=LIA13¥SFWAL3

WF4=WF4XSTWF4

WG4=WG4*SFUG4

WG41=WUG41*¥SFWG41

WG6=UWGH*SFWNG6

WF7=WF7*SFUF7

WG7=UG7#SFNG7

H2=He* 5%SFT2

H13P=H13P*,5%¥SFT13

H13=H13% 5%¥SFT13

H22=H22% [ 5*¥SFT22

H3IP=H3P* 5%SFT3

H3=H3* 5%¥SFT3

HB=HB* . 5¥SFT4

H4=H4%* 5X¥SFT4

DH4=DH4*SFDH4

H41=H41% 5%SFT41

DH41=DH41*SFDH41

H6=H6* . 5¥SFT6

HAB=HAB¥* , 5%¥SFT7

H7=H7% 5XSFT7

PROF=PROF¥15,

PRIF=PRIF¥*15,

PRHC=PRHC¥*15.

FARGM=FARGM*. 08

FAR41M=FAR4G1M*, 08

FAR6M=FARG6M*,08

FAR7M=FAR7M*.08

XANH=XNH*SFXNH

XNL=XNL*SFXNL

ETAQOFM=ETAOFM*CC(5)

ETAIFM=ETAIFM*CC(7)

ETAHCM=ETAHCM*CC(9)

WBLHT=WBLHT*.2XSFWA22

WBLLT=WBLLT*, 02*SFWA22

WBLOV=WBLOV*.002%SFWA22

FNET=FNET*SFFN

FNM=FNM*SFFG

WRITE(6,2010)

WRITE(6,2500) PO, P2,
P3

WRITE(6,2020)

WRITE(6,2500) P4, P41,
T2

WRITE(6,2030)

WRITE(6,2500) T13P, T13,
T3P

WRITE(6,2040)

NRITE(6,25%0) T3, TAVB,

6

WRITE(6,2050)

WRITE(6,2500) TAVAB, T7,
Waz22

WRITE(6,2060)

WRITE(6,2500) WAR22, WA3,
WG4

WRITE(6,2070)

WRITE(6,2500) WG41, WG6,
H2

WRITE(6,2080)

NRITE(6,250g) H13P, H13,
H

WRITE(6,2090)

5NRITE(6.2500) HB, H4,

DH41
WRITE(6,2100)

P13,

P6,

T22,

T4,

WA2Z,

WAl3,

WF7,

H2Z,

DH4,

p22,

r7,

TAVHC,

T41,

WARZ,

Wra,

WG7,

H3P,

H41,



0214300 WRITE(6,2500) H6, HAB, H7, CDN, -
0214400 6 CVN

0214500 WRITE(6,2110)

0214600 WRITE(6,2500) XNH, XNL, PROF, ETAOFM-
0214700 7, PRIF

0214800 WRITE(6,2120)

0214900 WRITE(6,2500) ETAIFM, PRHC, ETAHCHM, ETAB, -
6215000 8 ETAARB

0215100 WRITE(6,2130)

0215200 WRITE(6,2500) FAR4M, FAR41NM, FAR6M, FARTM
0215300 WRITE(6,2265)

0215400 WRITE(6,2500) WBLHT, WBLLT, WBLOV, FNET, -
0215500 9 FNM

0215600 RETURN

0215700 C*¥¥X¥¥XCHECK OF DIGITAL COEFFICIENTS (UNMODIFIED AND MODIFIED)

0215860 30 CONTINUE

0215900 K1=0

0216000 DO 35 I=1,125

0216100 IF(ABS(UDC(I)).LT.1.0) GO TO 35

0216200 Kl=K1+1

0216300 GLD(K1)=T

0216400 35 CONTINUE

0216500 K3=0

0216600 DO 37 I=1,125

06216700 IF(UDC(I).NE.0.0) GO TO 37

0216800 K3=K3+1

6216900 ZD(K31=I

6217008 37 CONTINUE

0217100 K4=0

0217200 DO 45 I=1,125

0217300 IF(ABS(DC(I)).LT.1.0) GO TO 45

0217400 K4=K4+1

0217500 FD(K43}=T

0217600 45 CONTINUE

0217700 DO 50 I=1,125

0217800 DDC(I)=DC(I)

0217900 IF(DC(I).GE.1.0) DDC(I)=.99999

6218000 IF(DC(I).LE.-1.0) DDC(I}=-.99999

0218100 50 CONTINUE
0218200 C*¥¥¥¥XPRINT OUT OF DIGITAL COEFFICIENTS (UNMODIFIED AND MODIFIED), CORRECTION

0218300 C FACTORS, AND ERROR RATIOS

0218400 WRITE(IW,502)

0218500 WRITE(IW,525)

0218600 WRITE(IW,526) (UDC(I),I=1,125)

0218700 WRITE(IW,501)

0218800 IF(K1.NE.0) WRITE(IW,527)

0218900 IF(K1.NE.0) WRITE(IW,532) (GLD(I),I=1,Kl)
0219000 WRITE(IW,501)

0219100 IF(K3.NE.0) WRITE(IW,528)

0219200 IF(K3.NE.0) WRITE(IW,532) (Z2D(IJ,I=1,K3)
0219300 WRITE(IW,501)

02194060 WRITE(IW,529)

0219500 WRITE(IW,526)(CC(I),I=1,50)

0219600 WRITE(IW,504)

0219700 WRITE(IW,501)

0219800 WRITE(IW,530)

0219%00 WRITE(IW,533)(DDC(I),I=1,125)

0220000 WRITE(IW,501)

0220100 IF(K4.NE.0) WRITE (IW,531)

0220200 IF(K4.NE.0) WRITE (IW,532) (FD(I),I=1,K4)

0220300 WRITE(INW,504)
02206400 C¥*¥X¥*¥QUTPUT OF DATA FOR USE IN THE HYBRID PROGRAM
0220500 C¥%¥%**¥PUNCH OUT DIGITAL COEFFICIENTS AND INLET & BLEED FLAGS

0220600 IF((JP.EQ.1).0R.(JPD.EQ.1)) GO TO 51
02207060 GO TO 52
0220800 51 CONTINUE
0220900 WRITE(IW,501)
0221000 WRITE(IW,534)
0221100 WRITE(IPMNCH,500)
0221200 WRITE(IW,535)
0221300 WRITE(IPNCH,533) (DDC(I),I=1,125)
0221400 WRITE(IN,536)
0221500 WRITE(IPNCH,540) INLET,KBH,KBL,KBV
0221600 52 COHTINUE
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0221700 C*¥***¥X¥pUNCH OUT INTEGRATOR,DAC IC,POT DATA
0221800 IF((JP.EQ.1).0R.(JPR.EQ.1)) GO TO 53
0221900 GO TO 85

0222000 53 CONTINUE

0222100 WRITE(IW,537)

0222200 WRITE(IW,538)

0222300 WRITE(IW,539)

0222400 DO 70 K=1,10

0222500 N=IG(K)

0222600 GAIN(K)=10%*N

0222700 IF(K.GT.6) GO TO 60

0222800 J=2%K

0222900 JJ=J-1

0223000 WRITE(IPNCH,541) ARADR(JJ),ARDR(J),IG(K)
0223100 GO TO 65

0223200 60 J=K+6

0223300 WRITE(IPNCH,541) RADR(J),IG(K)
0223400 65 CONTINUE

0223500 70 CONTINUE

0223600 WRITE(IPNCH,533) (DACI(I),I=1,24)
0223700 DO 80 I=1,53

0223800 WRITE(IPNCH,542) PADR(I),PVAL(I)
0223900 80 CONTINUE

0224000 85 CONTINUE
02264100 C**¥¥*¥XXERROR RATIOS OUTPUT

0224200 90 WRITE(IW,501)
0224300 WRITE(IW,504)
0224400 WRITE(IW,543)
0224500 WRITE(IW,545)
0224600 WRITE(IW,551)(P2R(I),T2R(I),WA2R(I),T13PR(I),P22R(I),I,I=1,NTOTAL)
0224700 WRITE(IW,501)
0224800 WRITE(IW,546)
0224900 WRITE(IW,551)(T22R(I),WA22R(I),T3PR(I),WA3R(I),CBLHR(I),I,I=1,NTOT-
0225000 1AL)
0225100 WRITE(IW,501)
0225200 WRITE(IW,547)
0225300 WRITE(IW,551)(WUG4R(I),CBLLR(I),NG41R(I), CBLVR(I),ETABR(I),I,I=1,N-
0225400 1TOTAL)
0225500 WRITE(IW,501)
0225600 WRITE(IW,548)
0225700 WRITE(IW,551)(DH4TR(I),DH41TR(I),POR(I},NG7R(I),ETAABR(I),I,I=1,NT-
0225800 10TAL)
0225900 WRITE(IW,502)
06226000 WRITE(IW,501)
0226100 WRITE(IW,549)
0226200 WRITE(IW,551)(DH4QR(I),DH41QR(I),DP13R(I),DP6R(I),P5R(T),I,I=1,NTO-
0226300 1TAL)
0226400 WRITE(IW,501)
0226500 WRITE(IW,550)
0226600 WRITE(IW,552) (FGR(I),I,I=1,NTOTAL)

0226700 500 FORMAT(1X)
06226800 501 FORMAT(/)
0226900 502 FORMAT(1H1)

0227000 503 FORMAT(1H1l/)

0227100 504 FORMAT(1Hl//)

0227200 510 FORMATSSX,26HOPERATING POINT INPUT DATA,5X,8HPT. NO. ,I2,5X,6HPLA -
0227300 1= ,I3/

0227400 511 FORMAT(6X,2HP0,10X,2HP2,10X,3HP13, 9%, 3HP22, 9¥, 2HP3)

0227500 512 FORMAT(6X,2HP4,10X, 3HP41, 9%, 2HP5,10X,2HP6, 10X, 2HP7)

0227600 513 FORMAT(6X, 3HTAM, 9X,2HT2,10¥, 3HT13, $X,3HT22, 9¥, 2HT3)
6227700 514 FORMAT(6X,2HT4,10X,3HT41,9X,2HT6,10X,2HT7,10X,3HWA2)
0227800 515 FORMAT(6X,4HWA13,8X,4HWA22,8%, 3HWA3, 9%, 3HWGSG, 9X, 4HWGS1)
0227900 516 FORMAT(6X,3HWG6, 9%, IHWG7, 9¥X, 3HDH4G, 9K, 4HDH41, 8%, 4HETAB)
0228000 517 FORMAT(6X,5HETAAB, 7X, 2HFN, 10X, 3HXNL, 9%, 3HXNH, X, 3HWUF4 )
0228100 518 FORMAT(6X, 3HWF7,9X,2HA8,10X,2HAE, 10X, 3HALT, 9%, 3HXMN)
0228200 519 FORMAT(6X, 3HCDN, 9X, 3HCVN, 9X, 4HCIVV,8X,4HRCVV, 8%, 2HFG/)
0228300 520 FORMAT(5F12.5)

0228400 521 FORMAT(3X,26HOPERATING POINT ADC INPUTS)

0228500 522 FORMAT(3X,27HOPERATING POINT DAC OUTPUTS)

0228600 523 FORMAT(3X,31HOTHER. OPERATING POINT VARIABLES)

0228700 524 FORMAT(3X,29HUNSCALED OPERATING POINT DATA)

0228800 525 FORMAT(3X,31HUNMODIFIED DIGITAL COEFFICIENTS/)

0228900 526 FORMAT(5(F8.5,2¥%))

0229000 527 FORMAT(3X,33HDIGITAL COEFFICIENTS > OR = 11.61/)
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0229100
0229200
0229300
0229400
0229500
6229600
0229700
0229800
0229900
0230000
0230100
0230200
0230300
0230400
6230500
0230600
0230700
0230800
0230900

0231900
0232000
0232100
0232200
0232300
0232400
0232500
0232600
0232700
02328080
0232900
0233000
0233100
0233200
0233300
0233400
6233500
0233600
6233700
0233800
0233900
0234000
0234100
0234200
0234300
0234400
0234500
0234600

6236300
0236400

528 FORMAT(3X,26HDIGITAL COEFFICIENTS = 0.0/)

529 FORMAT(3X,18HCORRECTION FACTORS/)

530 FORMAT(3X,29HMODIFIED DIGITAL COEFFICIENTS/)
531 FORMAT(3X,43HMODIFIED DIGITAL COEFFICIENTS > OR = 11.01 /)

532 FORMAT(5(I5,2X))

533 FORMAT((3X,5(1X,F6.5,2X)))

534 FORMAT(3X,16HMAP DATA PUNCHED/)
535 FORMAT(3X,31HPUNCH MODIFIED COEFFICIENT DATA/)
536 FORMAT(3X,21HINLET AND BLEED SPECS/)
537 FORMAT(3X,21HPUNCH INTEGRATOR DATA/)
538 FORMAT(3X,17HPUNCH DAC IC DATA/)

539 FORMAT(3X,14HPUNCH POT DATA/)

540 FORMAT((1X,4(I7,2X)))
541 FORMAT(3I4)
542 FORMAT(1X,A%,1X,F5.4)

543 FORMAT(3X,38HOFF-DESIGN MODELING ERROR COEFFICIENTS/)

545 FORMAT(6X,3HP2R, 9X,3HT2R, 9%, 4HWA2R,8X,5HT13PR, 7X, 4HP22R)
546 FORMAT(6X,4HT22R,8X,5HWA22R,7X,4HT3PR, 8X, 4HWA3R,8X, 5HCBLHR)
547 FORMAT(6X,4HWG4R,8X,5HCBLLR, 7X,5HWG41R, 7X,

5HCBLVR, 6X, SHETABR)

548 FORMAT(6X,5HDH4TR,7X,6HDH4G1TR, 6X,3HPOR, 9X, 4HWG7R, 8X, 6HETAABR)

549 FORMAT(6X,5HDH4QR,7X,6HDH41QR, 6%, 5HDP13R,7X,4HDP6R,8X, 3HP5R)

550 FORMAT(6X,3HFGR)
551 FORMAT(5F12.5,5X,I2)
552 FORMAT(F12.5,53X,I2)
2010 FOPMAT(/ 9%,81HPO,
P3
2020 FORNAT(/ 9X 81HP4,

2030 FORMAT(/ 9X 81HT13P,
T3P

2040 FORMAT(/,9X,81HT3,
* T6
2050 FORMAT(/,9X,81HTAVAB,
WA22
2060 FORMAT(/,9X,81HWAR22M,
WG4

2070 FORMAT(/,9X,81HUGS4]1,
H2

(N}

Do NN

2080 FORMAT(/,9X,81HH13P,
H3

2090 FORMAT(/,9X,81HHB,

DH41

2100 FORMAT(/, 9X 81HHSG,
V8

[« T ) ]

2110 FORMAT(/, 9X,81HYNHy

7, PRIF
2120 FORMAT(/ 9X,81HETAIFN,
ETARB

2130 FORMAT(/ 9X,81HFAR4M,

0

2270 FORMAT(/,9X,81HP13,
p

6
2280 FORMAT(/ 9X,81HP7
T4l
2290 FOPMAT(/ 9X,81HT6,
XNL

2300 FORNAT(/ 9X 81HYNH,

2310 FORNAT(/,9X 81HALT,
TAM

2320 FORMAT(/,9X,81HP2,

2330 FOPMAT(/,9%,81HX4,

DU3

2340 FORMAT(/ 9X,81HDTQWS,
DTQW41

2350 FORMAT(/ 9%,81HDUWG,

DXNL

2360 FORNAT(/,9X.81HDXNH

2370 FORMAT(/ 9X,81HALTN,

\lc\l.’\-‘\ [

e

POA
2380 FORMAT(/ 9X,81HY3,
2, WA2

P2,
)
P41,
)
T13,
)

?AVB.
T7,

)
WA3,
)
WG6
)
H13,
)

H4,

)
HAB,
)
%NL,
gRHC»
§AR41Np
P3,

)
T13,
)

T7,

)
EFQ:
KMN,
)

T2,

)
?ARZZ,
?NQ,
DTQWG,
)

)
%NNN;

ETAOFM,
)

P13,
pP6,
T22,

T4,
WAZ,

WA13,
WF7,
H22,
DH4,
H7,
PROF,
ETAHCH,
FAR6M,
P4,
T3,
WAl3,
Wr7,
CIVV,
X3,
DuWl3,
DTQU4,
DW?7,

P2A,
pa2z2Qzr,

P22,
P7) -
TAVHC,

TG1,
WARZ2M,

Wrg, -
WGz, -
H3P, -
H4l, -
¢b7, -
ETAOFTM~
ETAB, -

FAR7M

I

P41,
T4, -
WG6, -
A8, -
RCVV -
WAR2 -
DTQU13-
DW&1l, -
DTQW7,

T2A,
ETATIFM-
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0236500
0236600
0236700
0236800
0236900
0237000

0237100

0237200
0237300
0237400
0237500
0237600
0237700
6237800
0237900
0238000
0238100
0238200
0238300
0238400
0238500
0238600
0238700
0238800
02389600
0239000

0239600
0239700
0239800
0239900
02640000
0240100
0240200
0240300
0240400

4
024
024
024
024

4
024
024

COODODOOCODOODOOOOOD

0242400

70242500

0242600
0242700
0242800
0242900
0243000
0243100
0243200
0243300
0243400
0243500
0243600
0243700
02643800
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2390
2400
2410

2420
6

2430
2440
2450
2460
2470
2680
2490
2140
2150
2160
2170
2180
2190
2200
2210
2220
2230
2240
2250
2260
2265

2500
25644

[>- BN |

~N N oW N Ll X 0 (o] ~N O w;n Bl (%} N

FORNAT(/ 9¥,81HRTTZ2, §2N,

GM2
FORHAT(/ 9X,81HH2NM, gROF,
p22
FORNAT(/ 9X,81HPRIF, TRIFM1,
RTT22 )
FORHAT(/ 9X,81HETAHCHM, , WR22,
FORMAT(/, 9%, 81HCPHC, CVHC,
TRHCHM1 )
FORMAT(/,9¥,81HT3P, ?A3,
Cv3
FORMAT(/ 9¥X,81HGM3, H3M,
CP13P )
FORNAT(/ 9X,81HCV13P, GM13P,
T13M )
FORMAT(/.9X 81HCP13, ?VIS.
H13
FORMAT(/,9X,81HT22M, Cp22,
H22M )
FORMAT(/,9X,81HH22, T3PM,
GM3P )
FORMAT(/,9X,81HH3PM, H3P,
CP4 )
FORMAT(/, 9X,81HCV4, GMé4,
TAVB )
FORMAT(/, 9%, 81HCPB, ?VB,
HB
FORMAT(/,9X, 81HX5, Y5,
HP& )]
FORMAT(/, 9%, 81HUG4, FAR41M,
Cv41l )
FORMAT(/, 9X, 81HGM41, H41M,
FAR6M )
FORMAT(/, 9X,81HT6&M, CP6,
H6M )
FORMAT(/, 9%, 81HH6, ETAB,
CP7 )
FORMAT(/,9%,81HCV7, GM7,
TAVAB )
FORMAT(/, 9X,81HCPAB, CVAB,
HAB 3
FORMAT(/, 9X, 81HCVN, PO,
WG7 )
FORMAT(/, 9X,81HETAAB, ?2,
Y6
FORMAT(/,9X,81HWP41, ?Pﬁl,
TAM
FORMAT(/, 9X, 81HWBLHT, ?BLLT,

FG
FORMAT(1X,5F15.7)
FORMAT(1X,5E15.7)
RETURN
END

c
(056 36 36 3 36 3 3 3 3 3 3 PR O C O % % % 3 3 356 % %

c
c

C

40

50
60

SUBROUTINE PROCOM(T,FA,CP,CV,GAM,H)
PRODUCTS OF COMBUSTION ROUTINE
IF(T.GE..46000) GO TO 50
IF(T.GE..24000) GO TO 40

CPA= .48068-(.124664-T/.982646)%T
HA= .00176+(.56558+.14075%T)*T
GO TO 60

CPA= .40528+(.52545-,38182%T)*T
HA= .00119+(.56298+.16150%T)*T
GO TO 60

CPA= .46063+(.30024~.15378%T)*T
HA= - 01870+(.66968+.06700%T)*T
A= .579640-.00144%FA

R= .07945/AMW

D= .70000 -T

cp2,
TROFM1,
T22,
PRHC,
GMHC,
TN,
H3,
H13PM,
GM13,
cvae,
CP3P,
T4M,
H4M,
GMB,
RTT4,
T41M,
H41,
Cvé,
T7M,
H7M,
GMAB,
CDN,
RTT41,
WG41,
WBLOV,

cve,
T13P,
Y4,
TAVHC,
HHCM,
CP3,
T13PM,
H13P,
H13M,
Grze,
Ccv3p,
FARA4M,
H4,
HBM,
WP4,
Cp41,
DH4,
Gti6,
FAR7M,
H7,
HABM,
WG7M,
X6,
DH41,
FNET,



0243900
0244000
0244100
02644200
0244300
0244400
0244500
0244600
0244700

c

0244800 C
CRIERHNNNHKKGPOOL WK K MK RN

6244900
02645000
02645100
0265200
0245300
0245400
0245500
02645600
02645700
0245800
0245900
0246000
0246100
0246200
0246300
0266400
0246500
0266600
0246700
0246800
6266900
0267000
0247100
0247200
02647300
0247400
0247500
026467600
0247700

0247800
0247900
0268000
0248100
0248200
0248300
0268400
0248500

c
C

c

o

0248600 C
CHRHHRH KK KKK RT R T HHHHHHHHRKK

0248700
0248800
0248900
0249000
0249100
0249200
0249300
0249400
0249500
0249600
0249700
6249800
0249900
0250000
0250100
0250200
0250300
0250400
0250500
0250600
0250700
0250800
0250900
0251000
0251100
0251200

c
c

c

1
2
3
1
2
3

CPF= .93330 - (.29350+.81750%TD)*TD

HF= -.03305 +(.63626+.38625%T)*T

H= (.66667¥HA + .10667¥HF¥FA)/(.50000 + .06000 ¥ FR)
CP= (.80000*CPA+.12800%¥CPF*FA)}/(.80000+.06400%FA)
CVv= CP - R

GAM= .50000%CP/CV

RETURN

END

SUBROUTINE SPOOL (XI,XN,SFWG,SFDH,SFXN,TSC,IGAIN,POT)
SPOOL ROUTINE

DIMENSION POT(1)

XN=XN¥SFXN

XJ=9339.6

PI= 3.1416

POT1I =900 .*XJ¥SFDH*¥SFWG/ (PIX¥PIX¥XI¥SFXN¥SFXN¥TSC)
IF(POT1I.GT.1.) GO TO 2

IGAIN=Q

POT(1)= POTI1I

GO TO 7

IF(POT1I.GT.10.) GO TO 3
IGAIN=1

POT(1)= POTI1I/10.

GO TO 7

IF(POT1I.GT.100.) GO TO 4
IGATIN=2

POT(1)= POT1I/100.

GO TO 7

IF(POT1I.GT.1000.) GO TO 5
IGAIN=3

POT(1)=POT1I/1000.

GO TO 7
IF(POTII.GT.10000.) GO TO 6
IGAIN=4
POT(1)=POT1I/10000.

GO TO 7

IGAIN=5

POT(1)=POT1I/100000.
POT(2)= XN/SFXN
XN=XN/SFXN

RETURN

END

SUBROUTINE TRAT(N,PRC,GAM,TR)}

TEMPERATURE RATIO ROUTINE

DIMENSION N1(3),N2(3),N3(3)

DIMENSION XY(50),X1(25),Y1(25)

EQUIVALENCE (X1(1),XY(1)),(Y1(1),XY(26))

DATA N1/5,1,257,N2/5,1,25/,N3/5,1,25/

DATA X1r.06667,.07333,.08000,.09333,.10667,.12000,.13333,
.14667,.16667,.20000,.23333,.26667,.30000,.33333,.36667,
.40000, .46667,.53333,.60000,.66667,.73333,.80000,.86667,
-93333,.99%99/

DATA Yls.00000,.02001,.03872,.07292,.10367,.13169,.15749,
.18145,.21452,.26362,.3069%99,.34599,.38152, .41424,.%4462,
.47301,.52492,.57159, .61412,.65328, .68964%,.72363,.75557,
.78575,.81437/

150 IF(GAM.GE..67500) GO TO 300

200
300

IF(PRC.GE..33333) GO TO 200

S= ,50526 + .77229%¥PRC -.95164%¥PRC*¥PRC

GO TO 700

S= .58745 + .23850%PRC - .09000XPRC*PRC
GO TO 700

IF(PRC.GE..33333) GO TO 400

S= .45911 + ,.89475%¥PRC - (PRC¥PRC)/.92895
GO TO 700
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0251300 400 S= .55215 + .29319 ¥ PRC - .10919*% PRC*PRC
0251400 700 C= ((.67500 - GAM)*S)/.02500

8251560 IF(N.HE.1) GO TO 750
0251600 TRC=FUN1(N1,X1,PRC)
0251700 GO TO 900
0251800 750 IF(N.NE.2) GO TO 800
0251900 TRC=FUN1(N2,X1,PRC)
0252000 GO TO 900
0252100 800 TRC=FUN1(N3,X1,PRC)
0252200 900 TR= (TRC*¥(.80000 -.16000%C))/.80000
0252300 1000 RETURN
0252400 END
0252500 C
0252600 C
0252700 CXXXXRRARRRXVOLUMEX ¥ ¥ ¥R ¥NN¥X
0252800 C
0252900 C
0253000 SUBROUTINE VOLUME(P,TT,V,W,WS,TSC,SFWNG,SFP,SFTT,IGAIN,POT,SFR)
0253100 C VOLUME ROUTINE
0253200 DIMENSION POT(1)
0253300 P=PXSFP
0253400 TT=TT*SFTT
6253500 RA= 640.1
0253600 W= P*V / (RA¥TT)
0253700 DO 16 J=1,3
0253800 IF(W .GT. (1.0%10.%%(J-2))) GO TO 10
0253900 SFW=1.,0%10,%*%¥(J-3)
0254000 1 WS=W/SFW
0254100 IF(WS .LE. .8) GO TO 2
0254200 - SFHN=SFW+0.5%10.%%(J-3)
0254300 GO TO 1
0254400 10 CONTINUE
0254500 2 POT(1)= US
0254600 POT2I= SFWG/(SFW ¥ TSC)
0254700 IF(POT2I.GT. 1.) GO TO 3
02564800 IGAIN= ¢
0254900 POT(2)= POT2I
0255000 GO TO 8
0255100 3 IF(POT2I.GT.10. ) GO TO 4
0255200 IGAIN= 1
0255300 POT(2)=POT2I/10.
0255400 GO TO 8
0255500 4 IF(POT2I.GT.100.) GO TO 5
0255600 IGAIN= 2
0255700 POT(2)= POT2I/100.
0255800 GO TO 8 -
0255900 5 IF(POT2I.GT.1000:) GO TO 6
0256000 IGAIN= 3 .
0256100 POT(2)= POT2I/1000.
0256200 GO TO 8
0256300 6 IF(POT2I.GT.10000.) GO TO 7
0256400 IGAIN= 4
0256500 POT(2)= POT2I/10000.
0256600 GO TO 8
0256700 7 IGAIN= 5 '
0256800 POT(2)= POT2I/100000. ¢
0256900 8 POT(3)= POT(2) :
0257000 POT(4)}=TT/SFTT :
0257100 POT(5)= (RAXSFW*SFTT)/(10.%¥V¥%SFpP) '
0257200 P=P/SFP
0257300 TT=TT/SFTT
0257400 RETURN
0257500 END
0257600 C
0257700 C
Fortran Symbols AE exhaust nozzle exit area, cm2 (in2)
. ALT altitude, m (ft)
MAIN. —Same symbol used for unscaled and scaled APRINT index for subroutine ANALOG
variables. (integer)
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A8
BSCIVV

BSRCVV

CDN
CIVV
CVN
DH4

DH41

ETAAB
ETAB
FN

FG
INLET
IP
IPNCH
IPRINT
IR

18%%

JP

JPA

JPD

KBH

KBL

KBLWHT

KBLWLT

KBV

NAUG

NDRY

NTOTAL

PLA

PI
RCVV

exhaust nozzle throat area, cm2 (in2)

bias on fan variable-geometry
parameter, deg

bias on compressor variable-geometry
parameter, deg

exhaust nozzle flow coefficient
fan variable-geometry parameter, deg
exhaust nozzle velocity coefficient

high-pressure-turbine enthalpy drop,
J/kg (Btu/lbm)

low-pressure-turbine enthalpy drop,
J/kg (Btu/lbm)

augmentor efficiency

combustor efficiency

net thrust, N (Ibf)

gross thrust, N (1bf)

inlet configuration option (integer)
index on operating points (integer)
card punch device number (integer)
index for subroutine PRINT (integer)
card input device number (integer)
line printer device number (integer)

punch option (integer) (1 for output of
all data)

punch option (integer) (1 for output of
analog data)

punch option (integer) (1 for output of
digital data)

high-pressure-turbine bleed flow
indicator (integer)

low-pressure-turbine bleed flow
indicator (integer)

fraction of high-pressure-turbine
cooling bleed doing work

fraction of low-pressure-turbine
cooling bleed doing work

overboard bleed flow indicator
(integer) ’

number of augmented operating points
input to host program

number of dry operating points input
to host program

total number of operating points input
to host program

power lever angle (operating point
label), deg

total pressure at station I, N/cmz2 (psia)

compressor variable-geometry
parameter, deg

RTT2
RTT22
RTT4
RTT41
SFX

TAM
TI
WAI

WBLHT
WBLLT
WBLOV
WF4
WF7
WGI

XMN
XNH
XNL

square root of scaled fan inlet total
temperature

square root of scaled compressor inlet
total temperature

square root of scaled high-pressure-
turbine inlet total temperature

square root of scaled low-pressure-
turbine inlet total temperature

scale factor on variable X, appropriate
units

sea-level ambient temperature, K (°R)
total temperature at station I, K (°R)

airflow rate leaving station I, kg/sec
(Ibm/sec)

high-pressure-turbine cooling bleed
flow rate, kg/sec (lbm/sec)

low-pressure-turbine cooling bleed
flow rate, kg/sec (Ilbm/sec)

overboard bleed flow rate, kg/sec
(Ibm/sec)

combustor fuel flow rate, kg/sec
(Ibm/sec)

augmentor fuel flow rate, kg/sec
(Ibm/sec)

gas flow rate leaving station I, kg/sec
(Ibm/sec)

Mach number
high-spool rotor speed, rpm
low-spool rotor speed, rpm

ANALOG. — All variables are scaled unless otherwise

specified.
AADR(k)

AE
ALT
AQL13

AQLS6
CIVV
DACI(k)
DP13R(k)
DP6R(k)

GAIN(K)

I

integrator address array (integer), k=1
to 16

exhaust nozzle exit area

altitude

ratio of bypass duct area to length, cm
(in.)

ratio of augmentor duct area to length,
cm (in.)

fan variable-geometry parameter

DAC initial condition array, k=1 to 24

bypass duct model evaluation ratio
array, k=1 to NTOTAL

augmentor duct model evaluation ratio
array, k=1to NTOTAL

integrator gain array (integer), k=1 to
10

integer index

105



IG(k)

IK

IP

IR

Iw

J

AR)

K

N
PADR(k)

POT(k)
PVAL(k)
PI
RCVYV

SFX

SWI
TAM
Tl

VI
WAI3
WF4
WEF7
wG6
WI
XC(k)

XIH
XIL

XNH
XNL

DATAIN
F(k)

I
INC

IPNCH
IR
ISC(k)

Iw
IX(k)
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integrator gain integer array, k=1 to
10

integrator gain integer

index on operating points (integer)

card reader device number (integer)

line printer device number (integer)

integer index

integer index

integer index

integer index

potentiometer address
(alphanumeric), k=1 to 53

potentiometer setting array, k=1to 5
potentiometer setting array, k=1to 53
total pressure at station I

compressor variable-geometry
parameter

scale factor on variable X, appropriate
units

stored mass at station I

sea-level ambient temperature
total temperature at station I
volume at station I, cm3 (in3)
bypass duct flow rate

combustor fuel flow rate
augmentor fuel flow rate
augmentor flow rate

stored mass at station I, kg (Ibm)

map scale factor array for X input
variables, k=1to 6

high-rotor moment of inertia,
N cm sec2 (Ibf in sec2)

low-rotor moment of inertia, N cm sec2
(Ibf in sec?)

high-spool rotor speed

low-spool rotor speed

array

‘map data array (scaled fraction), k

determined by calling program
integer index
number of points defining map
(integer)
card punch device number (integer)
card input device number (integer)
map scale factor format array
(alphanumeric), k=1 to 4
line printer device number (integer)

map X input data format array
(alphanumeric), k=1to 4

IY(k)
1Z1(k)
1Z2(k)
1Z3(k)
1Z4(k)

J

JF
JMNPT
JP

JPD

JS

KPNCH

L
M
N(k)

NCOM

NCV
NPCT
NF
NPT
TEST

VALS(k)
XSC
XVALS(k)
YSC

ZSC(k)

map Y input data format array
(alphanumeric), k=1 to 4

map Z1 output data format array
(alphanumeric), k=1to 4

map Z2 output data format array
(alphanumeric), k=1to 4

map Z3 output data format array
(alphanumeric), k=1to 4

map Z4 output data format array
(alphanumeric), k=1to 4

integer index

integer index

integer index

punch option (integer) (1 for output of
all data)

punch option (integer) (1 for output of
digital data)

integer index

integer index

map data punch integer (1 if JP or JPD
equal to 1)

integer index

map number (integer)

map integer array, k determined by
calling program

integer indicating rectilinear map data
(nonzero for rectilinear map data)

number of curves defining map

number of functions in map

integer index

number of points per curve

map data increment used for detecting
overflows (scaled fraction)

array used to store unscaled Y and Z;
map data (floating point), k=1 to 25

map scale factor for X input variable
(floating point)

array used to store unscaled X map
data (floating point), k=1 to 25

map scale factor for Y input variable
(floating point)

map scale factor array for Z; output
variables (floating point), k=1to 4

DCOEF, — All variables are scaled unless otherwise

specified.
AE

ALT
ALTM
BETAAB

exhaust nozzle exit area
altitude
FLCOND-rescaled altitude

augmentor temperature interpolation
constant



BETAB
BETAHC
CC(k)

CDN
CIVV
CPAB

CPB
CPHC
CPI
CSHIFT
CVAB
CVB
CVHC

CVN
CVIl

DC(k)

DH4
DH41
ERRHAB

ERRHB

ERRTRHC

ETAAB
ETAB
ETAHCM
ETAIFM
ETAOFM
FARIM
FG

FGM3

FNET
FNM
FSHIFT

combustor temperature interpolation
constant

compressor temperature interpolation
constant

correction factor array (floating
point), k=1 to 50

exhaust nozzle flow coefficient

fan variable-geometry parameter

average specific heat at constant
pressure in augmentor

average specific heat at constant
pressure in combustor

average specific heat at constant
pressure in compressor

specific heat at constant pressure at
station I

compressor variable-geometry effect
on corrected flow

average specific heat at constant
volume in augmentor

average specific heat at constant
volume in combustor

average specific heat at constant
volume in compressor

exhaust nozzle velocity coefficient
specific heat at constant volume at
station I

corrected digital coefficient array,
k=1to 125

high-pressure-turbine enthalpy drop
low-pressure-turbine enthalpy drop

difference between computed and
desired augmentor specific enthalpy

difference between computed and
desired compressor specific enthalpy

difference between computed and
desired compressor temperature rise
parameter

augmentor efficiency
combustor efficiency
compressor efficiency

fan inside-diameter efficiency
fan outside-diameter efficiency
fuel-air ratio at station I

gross thrust

function of specific heat ratio at
station 3

net thrust
nozzle gross thrust

fan variable-geometry effect on
corrected flow

F1(k)
F2(k)

F3(k)
Fa(k)

F5(k)
F6(k)
GMAB
GMB
GMHC

GMI
HAB
HABD
HB
HBD
HHCM

HP4
HP41

HI
HIM

I

IP
Iw
KBH

KBL
KBLWHT
KBLWLT
KBV
NDRY
N1k)
N2(k)

N3(k)

fan variable-geometry-effects ap
data array, k=1 to 322

compressor variable-geometry-effects
map data array, k=1 to 322

fan map data array, k=1 to 854

compressor map data array, k=1 to
518

high-pressure-turbine map data array,
k=1to 224

low-pressure-turbine map data array,
k=1to 224

average specific heat ratio in
augmentor

average specific heat ratio in
combustor

average specific heat ratio in
compressor

specific heat ratio at station I

average specific enthalpy in augmentor

desired augmentor specific enthalpy

combustor specific enthalpy

desired combustor specific enthalpy

PROCOM-rescaled compressor spe-
cific enthalpy

high-pressure-turbine enthalpy drop
parameter

low-pressure-turbine enthalpy drop
parameter

specific enthalpy at station I

PROCOM-rescaled specific enthalpy
at station 1

integer index

index on operating points (integer)

line printer device number (integer)

high-pressure-turbine bleed flow
indicator (integer)

low-pressure-turbine bleed flow
indicator (integer)

fraction of high-pressure-turbine
cooling bleed doing work

fraction of low-pressure-turbine
cooling bleed doing work

overboard bleed flow indicator
(integer)

number of dry operating points input
to host program

fan variable-geometry-effects map
integer array, k=1to 5

compressor variable-geometry-effects
map integer array, k=1to 5

fan map integer array, k=1to 5
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N4(k)
N5(k)
N6(k)
N7(k)
PRHC
PRIF
PROF

PI
POA
POQT7
P2A

P22Q2M
RCVV

SFX

TAM
TAVAB

TAVB
TAVHC

TRHCM1
TRHCID

TRIFM1
TROFM1
TOA

TI
TIM

T2A
UDC(k)

WAR?2
WAR2M
WAR22
WAI

108

compressor map integer array, k=1 to
5

high-pressure-turbine map integer
array, k=1to 5

low-pressure-turbine map integer
array, k=1to 5

nozzle functions integer array, k=1 to
3

TRAT-rescaled compressor pressure
ratio

TRAT-rescaled fan inside-diameter
pressure ratio

TRAT-rescaled fan outside-diameter
pressure ratio

total pressure at station I

FLCOND-rescaled ambient pressure

exhaust nozzle pressure ratio

FLCOND-rescaled fan inlet total
pressure

fan inside-diameter pressure ratio

compressor variable-geometry
parameter

scale factor on variable X, appropriate
units

sea-level ambient temperature

average total temperature in aug-
mentor

average total temperature in com-
bustor

average total temperature in com-
pressor

compressor temperature rise parameter

desired compressor temperature rise
parameter

fan inside-diameter temperature rise
parameter

fan outside-diameter temperature rise
parameter

FLCOND-rescaled ambient tem-
perature

total temperature at station I

PROCOM-rescaled total temperature
at station I

FLCOND-rescaled fan inlet total
temperature

uncorrected digital coefficient array,
k=1to 125

fan corrected flow rate
nominal fan corrected flow rate
compressor corrected flow rate
airflow rate leaving station I

WBLHT high-pressure-turbine cooling bleed
flow rate

WBLLT low-pressure-turbine cooling bleed
flow rate

WBLOV overboard bleed flow rate

WF4 combustor fuel flow rate

WF7 augmentor fuel flow rate

WGI gas flow rate leaving station I

WGTM NOZZL-rescaled exhaust nozzle flow
rate

WP4 high-pressure-turbine flow parameter

WP41 low-pressure-turbine flow parameter

XC(k) map scale factor array for X input
variables (floating point), k=1to 6

XF pressure area term in gross thrust
calculation

XMN Mach number

XMNM FLCOND-rescaled Mach number

XNH high-spool rotor speed

XNL low-spool rotor speed

X1 X input for map I

YC(k) map scale factor array for Y input
variables (floating point), k=1to 6

YI Y input for map number I

Y71(k) exhaust nozzle flow coefficient
function data array, k=1 to 15

Y72(k) exhaust nozzle velocity coefficient
function data array, k=1 to 15

ZC(k) map scale factor array for Z output

variables (floating point), k=1 to 12

DUCT. —Same symbol used for unscaled and scaled
pressures, temperature, and flow rate.

AQL ratio of duct area to length, cm (in.)

GC gravitational conversion factor,
100 cm kg/N sec? (386.26 1bm in/Ibf
sec2)

IGAIN integrator gain integer

PIN duct inlet total pressure, N/cm?2 (psia)

POT(k) potentiometer setting array, k=1to 4

POT2I required gain of PIN potentiometer-
integrator combination

POT3I required gain of POUT potentiometer-
integrator combination

POT41 required gain of feedback
potentiometer-integrator com-

bination
POUT duct exit total pressure, N/cm2 (psia)
RA gas constant of air, 2.8699x104

N cm/kg k (640.1 in Ibf/Ibm °R)



SFPIN

SFPOUT

SFTIN

SFW

SFWG

TIN
TSC
\Y

WG

scale factor on duct inlet total pressure,
appropriate units

scale factor on duct exit total pressure,
appropriate units

scale factor on duct inlet total
temperature, appropriate units

scale factor on duct inlet stored mass,
appropriate units

scale factor on flow rate through duct,
appropriate units

duct inlet total temperature, K (°R)

time scale factor

duct inlet volume, cm3 (in3)

flow rate through duct, kg/sec
(Ibm/sec)

ENGINE. — All variables are scaled unless otherwise

specified.
AE

ALT
ALTM
CBLHR(k)

CBLLR(k)

CBLVR(k)

CDN
CIvvV
CPAB

CPB
CPHC
CPI
CSHIFT
CVAB
CVB
CVHC

CVN
CVI

DACI(k)

exhaust nozzle exit area

altitude

FLCOND-rescaled altitude
high-pressure-turbine bleed model

evaluation ratio array, k=1 to
NTOTAL

low-pressure-turbine bleed model
evaluation ratio array, k=1 to
NTOTAL

overboard bleed model evaluation
ratio array, k=1 to NTOTAL

exhaust nozzle flow coefficient

fan variable-geometry parameter

average specific heat at constant
pressure in augmentor

average specific heat at constant
pressure in combustor

average specific heat at constant
pressure in compressor

specific heat at constant pressure at
station I

compressor variable-geometry effect
on corrected flow

average specific heat at constant
volume in augmentor

average specific heat at constant
volume in combustor

average specific heat at constant
volume in compressor

exhaust nozzle velocity coefficient

specific heat at constant volume at
station I

DAC initial condition array, k=1to 24

DC(k)

DH4
DH4QC

DH4QR(k)

DH4TC
DHATR(K)
DH41
DH41QC

DH41QR(k)

DH41TC

DH41TR(k)

DTQWI

DXNH
DXNL
DWI
ETAAB
ETAABC

ETAABR(k)

ETAHCM
ETAIFM
ETAOFM
FARIM
FG

FGM3

FGPT3
FGR(k)
FNET
FNM
FSHIFT

F1(k)

corrected digital coefficient array,
k=1to 125

high-pressure-turbine enthalpy drop

high-pressure-turbine enthalpy
required for torque balance

high-pressure-turbine torque model
evaluation ratio array, k=1 to
NTOTAL

high-pressure-turbine enthalpy drop
required for energy balance

high-pressure-turbine temperature
model evaluation ratio array, k=1 to
NTOTAL

low-pressure-turbine enthalpy drop

low-pressure-turbine enthalpy drop
required for torque balance

low-pressure-turbine torque model
evaluation ratio array, k=1 to
NTOTAL

low-pressure-turbine enthalpy drop
required for energy balance

low-pressure-turbine temperature
model evaluation ratio array, k=1 to
NTOTAL

specific temperature derivative at
station I

high-rotor-speed derivative

low-rotor-speed derivative

stored mass derivative at station I

augmentor efficiency

augmentor efficiency required for
energy balance

combustor efficiency model evaluation
ratio array, k=1 to NTOTAL

compressor efficiency

fan inside-diameter efficiency

fan outside-diameter efficiency

fuel-air ratio at station I

gross thrust

function of specific heat ratio at
station 3

compressor discharge bleed flow
parameter

nozzle velocity model evaluation ratio
array, k=1to NTOTAL

net thrust

nozzle gross thrust

fan variable-geometry effect on
corrected flow

fan variable-geometry-effects map
data array, k=1 to 322

109



F2(k)

F3(k)
F4(k)

F5(k)
Fo6(k)
GMAB
GMB
GMHC

GM1
GMIM
HAB
HABM

HB
HBM

HHCM
HP4
HP41

HI
HIM

IP
KBH

KBL
KBV
NDRY
NI1(k)
N2(k)

N3(k)
LTSHFT

N4(k)
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compressor variable-geometry-effects
map data array, k=1 to 322

fan map data array, k=1 to 854

compressor map data array, k=1 to
518

high-pressure-turbine map data array,
k=1to 224

low-pressure-turbine map data array,
k=110 224

average specific heat ratio in aug-
mentor

average specific heat ratio in com-
bustor

average specific heat ratio in com-
pressor

specific heat ratio at station I

specific heat ratio minus 1 at station I

average specific enthalpy in augmentor

PROCOM-rescaled augmentor specific
enthalpy

average specific enthalpy in combustor

PROCOM-rescaled combustor specific
enthalpy

PROCOM-rescaled compressor
specific enthalpy

high-pressure-turbine enthalpy drop
parameter

low-pressure-turbine enthalpy drop
parameter

specific enthalpy at station I

PROCOM-rescaled specific enthalpy
at station I

index on operating points (integer)

high-pressure-turbine bleed flow
indicator (integer)

low-pressure-turbine bleed flow
indicator (integer)

overboard bleed flow indicator
(integer)

number of dry operating points input
to host program

fan variable-geometry-effects map
integer array, k=1to 5

compressor variable-geometry-effects
map integer array, k=1to 5

fan map integer array, k=1to 5

low-pressure-turbine enthalpy map
shift

compressor map integer array, k=1 to
5

N5(k)
N6(k)
N7(k)
PRHC
PRIF
PROF

PI
PIC
PIR(K)

POA
POQT7
P2A

P22Q2M
RCVV

TAM
TAVAB

TAVB
TAVHC

TRHCM1
TRIFMI1

TROFM1
TOA

TI
TIC

TIM

TIR(k)

T2A

WAR2
WAR2M

high-pressure-turbine map integer
array, k=1to 5
low-pressure-turbine map integer
array, k=1to 5

nozzle functions integer array, k=1 to
3

TRAT-rescaled compressor pressure
ratio

TRAT-rescaled fan inside-diameter
pressure ratio

TRAT-rescaled fan outside-diameter
pressure ratio

total pressure at station I

calculated total pressure at station I

model evaluation ratio array for total
pressure at station I, k=1 to
NTOTAL

FLCOND-rescaled ambient pressure
exhaust nozzle pressure ratio

FLCOND-rescaled fan inlet total
pressure

fan inside-diameter pressure ratio

compressor variable-geometry
parameter

sea-level ambient temperature

average total temperature in aug-
mentor

average total temperature in com-
bustor

average total temperature in com-
pressor
compressor temperature rise parameter

fan inside-diameter temperature rise
parameter

fan outside-diameter temperature rise
parameter

FLCOND-rescaled ambient tem-
perature

total temperature at station I

calculated total temperature at station
1

PROCOM-rescaled total temperature
at station I

model evaluation ratio array for total
temperature at station I, k=1 to
NTOTAL

FLCOND-rescaled fan inlet total
temperature

fan corrected flow rate
nominal fan corrected flow rate



WAR22
WAR22M

WAI
WAIC
WAIR()

WBLHT
WBLLT

WBLOV
WF4
WF7
WGI
WGIC

WGT™™

WP4
WP41
XF

XMN
XMNM
XNH
XNL
XL
X7(k)

X8(k)

YL
Y71(k)

Y72(k)

Y8(k)

compressor corrected flow rate

nominal compressor corrected flow
rate

airflow rate leaving station I

calculated airflow rate leaving station I

model evaluation ratio array for
airflow leaving station I, k=1 to
NTOTAL

high-pressure-turbine cooling bleed
flow rate

low-pressure-turbine cooling bleed
flow rate

overboard bleed flow rate
combustor fuel flow rate
augmentor fuel flow rate

gas flow rate leaving station I

calculated ratio array for gas flow rate
leaving station I, k=1 to NTOTAL

NOZZL-rescaled exhaust nozzle flow
rate

high-pressure-turbine flow parameter
low-pressure-turbine flow parameter

pressure-area term in gross thrust
calculation

Mach number

FLCOND-rescaled Mach number

high-spool rotor speed

low-spool rotor speed

X input for map I

exhaust nozzle pressure ratio data
array, k=1to 15

low-pressure-turbine corrected speed
data array, k=1 to 13

Y input for map number I

exhaust nozzle flow coefficient
function data array, k=1to 15

exhaust nozzle velocity coefficient
function data array, k=1to 15

low-pressure-turbine enthalpy map
shift function data array, k=1 to 13

FLCOND. — All variables are scaled unless otherwise

specified.
ETAI
HT
INLET
N1(k)

N2(k)

inlet efficiency

altitude

inlet configuration option (integer)

ambient pressure function integer
array, k=1to 3

(To/ To)¥/ (1= 1) function integer array,
k=1to3

N3(k)

PS
PT
PTQS
TAS
TR35
TS
TTQS
TT
XMO
XMP
XPP
X1(k)
X2(k)

X3(k)
Y1)

Y2(k)
Y3(k)

(My—1)!-35 function integer array,
k=1to3

ambient pressure

fan inlet total pressure

isentropic inlet pressure ratio

sea-level ambient pressure

(To/ To)"/(i—1)

ambient pressure

inlet temperature ratio

fan inlet total temperature

Mach number

supersonic Mach number minus 1

My — 1)1.35

altitude data array, k=1to 11

inlet temperature ratio data array,
k=1to 10

Mach-number-minus-1 data array,
k=1to7

ambient pressure data array, k=1 to
11

(To/ To)r/ (1= 1) data array, k=1to 11

(My—1)1-35 data array, k=1to 7

FUN1/FUNIL/FOOR.-All variables are scaled unless
otherwise specified.

F(k) -

FUN1/FUNIL
I
MN

N(k)

NXP

XFRAC

XIN
X1

X2

function data array, k£ determined by
calling program

function output

X variable search index (integer)

saved function number for out-of-
range message (integer)

function integer array, k determined by
calling program

number of points defining function
(integer)

saved value of XIN for out-of-range
message

fraction of XINX2 interval covered by
XIN

X input

difference between XIN and Ith value
of X

difference between XIN and (/+1)th
value of X

MAP/MAPL/MOOR. — All variables are scaled
unless otherwise specified.

F(k)

I

map data array, k determined by
calling program
X variable search index (integer)
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KX
KZ
LX
LZ

MAP/MAPL
MN

N(k)

NPROD
NXP
MUC

X

XFRAC
XHI

XIN
XLO

Yl
Y2

YIN
YINCR

ZH
ZL

MAPIN
BSCIVV

BSRCVV
DC(k)

F1(k)

F2(k)
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Y variable search index (integer)

map data array index corresponding to
Xd, J+1) (integer)

map data array index corresponding to
Z(1, J+1) (integer)

map data array index corresponding to
X(d, J+1) (integer)

map data array index corresponding to
Z(I, J +1) (integer)

map output

saved map number for out-of-range
message (integer)

map integer array, k determined by
calling program

number of points defining map

number of points per curve (integer)

number of curves in map (integer)

saved value of XIN for out-of-range
message

fraction of XHI-XLO
covered by XIN

(I+1)th  breakpoint on interpolated
YIN curve

X input
Ith breakpoint on interpolated YIN
curve

saved value of YIN for out-of-range
message

difference between YIN and Jth value
of Y in map

difference between YIN and (J+ 1)th
value of Y in map

Y input

fraction on Y(J+1)-Y({J) interval
covered by YIN

map output at XHI,YIN

map output at XLO,YIN

interval

bias on fan variable-geometry
parameter, deg

bias on compressor variable-geometry
parameter, deg

corrected digital coefficient array
(scaled fraction), k=1 to 125

fan variable-geometry-effects map
data array (scaled fraction), k=1 to
322

compressor variable-geometry-effects
map data array (scaled fraction), k=1
to 322

F3(k)
Fa(k)
F5(k)
F6(k)

I

IR
Iw
Kl
K2

N
N1(k)

N2(k)

N3()
N4(k)

N5(k)
N6(k)
SFX

XC(k)
YC(k)
ZC(k)

NOZZL. - All
specified.
AEQTXX
ATXX

A7
A8
A8Q7
CD7
CVs
DC(k)

F8
N1(k)

fan map data array (scaled fraction),
k=1to 854

compressor map data array (scaled
fraction), k=1 to 518

high-pressure-turbine map data array
(scaled fraction), k=1 to 224

low-pressure-turbine map data array
(scaled fraction), k=1 to 224

integer index
card input device number (integer)
line printer device number (integer)
integer index
integer index
integer index

fan variable-geometry-effects map
integer array, k=1to §

compressor variable-geometry-effects
map integer array, k=1to 5

fan map integer array, k=1to 5

compressor map integer array, k=1 to
S

high-pressure-turbine map integer
array, k=1to 5

low-pressure-turbine map integer
array, k=1to 5

scale factor on variable X, appropriate
units

map scale factor array for X input
variables, k=1to 6
map scale factor array for Y input
variables, k=1to 6

map scale factor array for Z output
variables, k=1 to 12

variables are scaled unless otherwise

ratio of exit area to area at which sonic
flow is reached

reduced throat area that results in sonic
flow

throat area

exit area
expansion ratio
flow coefficient
velocity coefficient

corrected digital coefficient, k=1 to
125

gross thrust

critical pressure ratio function integer
array, k=1to 3



N2(k)
N3(k)

PE
PEQ7
PTOL

PYQT

PYQX
PO
POQT7
POYQX

P7
POYQOX
T7

VE

w7

XF

XMN
XMX
XSHFT

X1(k)
X2(k)
X3(k)
Yi(k)
Y21(k)
Y22(k)
Y31(k)
Y32(k)

Y33(k)

subsonic functions integer array, k=1
to 3

supersonic functions integer array,
k=1to3

exit plane pressure

critical pressure ratio

difference between computed exit
plane pressure and ambient pressure
for subsonic exit flow

pressure ratio at which shock is in exit
plane

static pressure ratio across shock
ambient pressure
ambient to total pressure ratio

total to static pressure ratio across
shock

inlet total pressure

total pressure ratio across shock

inlet total temperature

exit velocity

mass flow rate

pressure-area term in gross thrust
equation

Mach number upstream of shock

dimensionless velocity

area ratio shift on dimensionless
velocity-pressure ratio fit

subsonic flow area ratio data array,
k=1to 15

subsonic flow pressure ratio data
array, k=1to 15

supersonic flow area ratio data array,
k=1to 15

critical pressure ratio data array, k=1
to 15

subsonic dimensionless velocity data
array, k=1to 15

AEQTXX data array, k=1 to 15
XMN data array, k=1to 15

supersonic pressure ratio data array,
k=1to 15

supersonic dimensionless velocity data
array, k=1to 15

PRINT. —Same symbols used for unscaled and scaled

variables.
AADR(k)

AE
ALT
ALTM

integrator address array (integer), k=1
to 16

exhaust nozzle exit area, cm2 (in2)
altitude, m (ft)
FLCOND-rescaled altitude

CBLHR(k)

CBLLR(k)
CBLVR(k)
CC(k)

CDN
CIVvV
CPAB

CPB

CPHC

CPI

CVAB

CVB

CVHC

CVN

CVI

DACI(k)
DC(k)

DDC(k)
DH4

DH4QR(k)

DHA4TR(k)

DH41

DH41QR(k)

high-pressure-turbine bleed model
evaluation ratio array, k=1 to
NTOTAL

low-pressure-turbine bleed model
evaluation ration, k=1 to NTOTAL

overboard bleed model evaluation
ratio array, k=1to NTOTAL
correction factor array (floating
point), k=1 to 50

exhaust nozzle flow coefficient

fan variable-geometry parameter, deg
average specific heat at constant
pressure in augmentor, J/kg K
(Btu/lbm °R)

average specific heat at constant
pressure in combustor, J/kg K
(Btu/Ibm °R)

average specific heat at constant
pressure in compressor, J/kg K
(Btu/lbm °R)

specific heat at constant pressure at
station I, J/kg K (Btu/lbm °R)

average specific heat at constant
volume in augmentor, J/kg K
(Btu/Ibm °R)

average specific heat at constant
volume in combustor, J/kg K
(Btu/Ibm °R)

average specific heat at constant
volume in compressor, J/kg K
(Btu/lbm °R)

exhaust nozzle velocity coefficient
specific heat at constant volume at
station I, J/kg K (Btu/lbm °R)

DAC initial condition array, k=1to 24
corrected digital coefficient array,
k=1to 125

array used to save unlimited digital
coefficients, k=1 to 125

high-pressure-turbine enthalpy drop,
J/kg (Btu/lbm)

high-pressure-turbine torque model
evaluation ratio array, k=1 to
NTOTAL
high-pressure-turbine temperature
model evaluation ratio array, k=1 to
NTOTAL

low-pressure-turbine enthalpy drop,
J/kg (Btu/lbm)

low-pressure-turbine torque model
evaluation ratio array, k=1 to
NTOTAL
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DH41TR(k)

DPI3R(K)
DP6R (k)
DTQWI

DXNH
DXNL
DWI

ETAAB
ETAABR(K)

ETAB
ETABR(k)

ETAHCM

ETAIFM
ETAOFM

FARIM
FD(k)

FN
GLD
GMAB
GMB
GMHC

GMI
HAB

HABM
HB
HBM
HHCM
HP4

HP41
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low-pressure-turbine temperature
model evaluation ratio array, k=1 to
NTOTAL

bypass duct model evaluation ratio
array, k=1to NTOTAL

augmentor duct model evaluation ratio
array, k=1to NTOTAL

specific temperature derivative at
station 1 (scaled)

high-rotor-speed derivative (scaled)
low-rotor-speed derivative (scaled)

stored mass derivative at station I
(scaled)

augmentor efficiency

augmentor efficiency model evaluation
ratio array, k=1 to NTOTAL

combustor efficiency

combustor efficiency model evaluation
ratio array, k=1 to NTOTAL

compressor efficiency

fan inside-diameter efficiency
fan outside-diameter efficiency

fuel-air ratio at station I

array used to save indices of out-of-
range corrected digital coefficients,
k=1to 125

net thrust, N (Ibf)

array used to save indices of out-of-
range uncorrected digital coefficients,
k=1to 125

average specific heat ratio in aug-
mentor

average specific heat ratio in com-
bustor

average specific heat ratio in com-
pressor

specific heat ratio at station I

average specific enthalpy in
augmentor, J/kg (Btu/lbm)

PROCOM-rescaled augmentor specific
enthalpy, J/kg (Btu/Ibm)

average specific enthalpy in
combustor, J/kg (Btu/lbm)

PROCOM-rescaled combustor specific
enthalpy, J/kg (Btu/lbm)

PROCOM-rescaled compressor
specific enthalpy

high-pressure-turbine enthalpy drop
parameter (scaled)
low-pressure-turbine enthalpy drop
parameter (scaled)

HI
HIM

I
IG(k)

INLET
IP
IPNCH
IPRINT
Iw

J

JJ

JP

JPA

JPD

KBH
KBL
KBV
K1
K3
K4

N
NTOTAL

PADR(k)
PLA
PRHC
PRIF
PROF

PVAL(k)
PI
PIR(k)

specific enthalpy at station I, J/kg
(Btu/Ibm)

PROCOM-rescaled specific enthalpy
at station I

integer index

integrator gain integer array, k=1 to
10

inlet configuration option (integer)

index on operating points (integer)

card punch device number (integer)

index for subroutine PRINT (integer)

line printer device number (integer)

integer index

integer index

punch option (integer) (1 for output of
all data)

punch option (integer) 1 for output of
analog data)

punch option (integer) (1 for output of
digital data)

integer index

high-pressure-turbine bleed flow
indicator (integer)

low-pressure-turbine bleed flow
indicator (integer)

overboard bleed flow indicator
(integer)

number of out-of-range uncorrected
digital coefficients (integer)

number of zero uncorrected digital
coefficients (integer)

number of out-of-range corrected
digital coefficients (integer)

integer index

total number of operating points input
to host program (integer)

potentiometer address
(alphanumeric), k=1 to 53

power lever angle (operating point
label), deg

TRAT-rescaled compressor pressure
ratio

TRAT-rescaled fan inside-diameter
pressure ratio

TRAT-rescaled fan outside-diameter
pressure ratio

potentiometer setting array, k=1 to 53

total pressure at station I, N/cm2 (psia)

model evaluation ratio array for total
pressure at station I, k=1 to
NTOTAL

array



POA
P2A

pP2D
P22D

P22Q2M
RCVV

RTT2
RTT22
RTT4
RTT41
SFX

TAM
TAVAB

TAVB
TAVHC

TRHCMI
TRIFMI1

TROFM1

TI
TIM

TIR(K)

T2A
UDC(k)
WAR2
WAR22
WAI
T2D

T22D

FLCOND-rescaled ambient pressure
FLCOND-rescaled fan inlet total
pressure

fan inlet total pressure at design point,
N/cm?2 (psia)

compressor inlet total pressure at
design point, N/cm2 (psia)

fan inside-diameter pressure ratio

compressor variable geometry
parameter, deg

square root of scaled fan inlet total
temperature

square root of scaled compressor inlet
total temperature

square root of scaled high-pressure-
turbine inlet total temperature

square root of scaled low-pressure-
turbine inlet total temperature

scale factor on variable X, appropriate
units

sea-level ambient temperature, K (°R)
average total temperature in
augmentor, K (°R)

average total temperature in
combustor, K (°R)

average total temperature in
compressor, K (°R)

compressor temperature rise parameter
fan inside-diameter temperature rise
parameter

fan outside-diameter temperature rise
parameter

total temperature at station I, K (°R)
PROCOM-rescaled total temperature
at station I

model evaluation ratio array for total
temperature at station I, k=1 to
NTOTAL

FLCOND-rescaled fan inlet total
temperature

uncorrected digital coefficient array,
k=1to 125

fan corrected flow rate, kg/sec
(lbm/sec)

compressor corrected flow rate, kg/sec
(Ibm/sec)

airflow rate leaving station I, kg/sec
(Ibm/sec)

fan inlet total temperature at design
point, K (°R)

compressor inlet total temperature at
design point, K (°R)

WAIR(k)

WA2D
WA22D
WBLHT
WBLLT
WBLOV
WF4
WE7
WGI

WGIR()

WP4
WP41

XMN
XMNM
XNH
XNL
XI

YI
ZC(k)

DZ(k)

model evaluation ratio array for
airflow leaving station I, k=1 to
NTOTAL

fan flow rate at design point, kg/sec
(Ibm/sec)

compressor flow rate at design point,
kg/sec (Ibm/sec)

high-pressure-turbine cooling bleed
flow rate, kg/sec (Ibm/sec)

low-pressure-turbine cooling bleed
flow rate, kg/sec (Ibm/sec)

overboard bleed flow rate, kg/sec
(Ibm/sec)

combustor fuel flow rate, kg/sec
(Ibm/sec)

augmentor fuel flow rate, kg/sec
(Ibm/sec)

gas flow rate leaving station I, kg/sec
(Ibm/sec)

model evaluation ratio array for gas
flow rate leaving station I, k=1 to
NTOTAL

high-pressure-turbine flow parameter
(scaled)

low-pressure-turbine flow parameter
(scaled)

Mach number

FLCOND-rescaled Mach number
high-spool rotor speed, rpm
low-spool rotor speed, rpm

X input for map I

Y input for map I

map scale factor array for Z output
variables, k=1 to 12

array used to save indices of zero
uncorrected digital coefficients, k=1
to 125

PROCOM. — All variables are scaled.

AMW
Cp
CPA
CPF

CvV
FA
GAM
H
HA
HF

R

molecular weight
specific heat at constant pressure
specific heat at constant pressure of air

specific heat at constant pressure of
fuel

specific heat at constant volume
fuel-air ratio

specific heat ratio

specific enthalpy

specific enthalpy of air

specific enthalpy of fuel

gas constant
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T total temperature
TD 3500° F minus T

SPOOL. —Same symbol used for unscaled and scaled
rotor speed.

IGAIN integrator gain integer

PI 3.1416

POT(k) potentiometer setting array, k=1 to 2

POTII required gain of potentiometer-
integrator combination

SFDH scale factor on turbine enthalpy drop,
appropriate units

SFWG scale factor on turbine flow rate,
appropriate units

SFXN scale factor on rotor speed,
rpm/computer unit

TSC time scale factor

XI rotor moment of inertia, N cm sec2
(Ibf in sec2)

X1J mechanical equivalent of heat,
100 N cm/J (9339.6 Ibf/in)

XN rotor speed, rpm

TRAT. — All variables are scaled fractions unless
otherwise specified.

C variable specific heat ratio effect on
(AT/ D4

GAM average component specific heat ratio

N component identifying integer, N=1
to3

NI1(k) fan outside-diameter function integer

array, k=1to 3

fan inside-diameter function integer
array, k=1to 3

N2(k)
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N3(k) compressor function integer array,
k=1to3

PRC component pressure ratio

S pressure ratio effect on specific heat
ratio shift

TR (AT/T)q

TRC (AT/T)q for specific heat ratio of 1.35

X1(k) component pressure ratio data array,
k=1to 25

Y1(k) function data array, k=1 to 25

VOLUME. —Same symbol used for unscaled and
scaled pressure and temperature.

IGAIN integrator gain integer
P total pressure in volume, N/cm2 (psia)

POT(k) potentiometer setting array, k=1to 5

POT2I required gain of potentiometer-
integrator combination

RA gas constant of air, 2.8699 x 104
N cm/kg K (640.1 in 1bf/lbm °R)

SFP scale factor on total pressure,
appropriate units

SFTT scale factor on total temperature,
appropriate units

SFwW scale factor on stored mass,
appropriate units

SFWG scale factor on flow rate through
volume, appropriate units

TSC time scale factor

TT total temperature in volume, K (°R)

A% volume, cm3 (in3)

W stored mass in volume, kg (Ibm)

WS stored mass in volume (scaled)
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